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Sodium  Perchlorate : Regear  -h  Loading  Toward  thc>  Development  of  Selected 
Methods  to  Produce  Sodi  ox  Rerchlor*  t-e  Without  the  Use  of  Platinum 
(Project  Number  KH  ')52-'}L,t+/ ?-l— J-2;  Contract  Number  NCNR-Q07( 00) ) . 

CECECT 

To  investigate  methods  for  nroduction  of  sodium  perchlorate  without  the 
us e of  platinum;  to  include,  but  not  necessarily  oe  limited  to,  the 
following; 

(1)  The  use  of  .anodes  compr ising  silicon-silicon  carbide 

(2)  The  use  of  lead  dioxide  coated  anodes 

(3)  The  disproportionation  of  sodium  chlorate  In  acid  solution 

SCOPE 


This  Final  P.esearch  Reuort,  labeled  Section  B,  covers  all  work  done  on  the 
disproportionation  of  sodium  chlorate  in  acid  solution  including  that  done 
under  Project  NR  352-263/2-l°-51  and  the  present  Project  NR  352-304/2-1-52. 

The  electrochemical  work  with  anode  materials,  the  authorization  for  which 
has  been  extended  to  January  31,  1954,  *6 * 8  being  covered  in  separate 
periodic  progress  reports. 

SUMMARY 

1.  A 30$  to  33$  conversion  of  i>  ''.urn  chlorate  to  sodium  perchlorate 
has  been  attained  in  both  a batch  and  c n 1 mucus  type  process,  using  70$ 
sulfuric  acid  at  93°C.,  or  with  83$  aCi.d  *r.  69°G.  This  is  90-99$  of  theory, 
assuming  disproportionation  of  chlorate  to  perchlorate  and  chlorine  dioxide. 

2.  The  yield  of  chlorine  dioxide  in  the  disproportionation  of  chlorate 
varied  from  25$  with  70$  sulfuric  acid,  to  88$  with  83$  acid.  The  remainder 
of  the  gae  was  substantially  chlorine. 

3.  The  chlorine  dioxide-chlorine  mixtures  were  readily  absorbed  in 
100  to  200  g/l  caustic  solution  and  the  resulting  mixture  of  chloride,  hypo- 
chlorite, chlorite,  and  chlorate  were  reconverted  to  chlorate  by  elec- 
trolysis in  a chlorate  type  cell. 

4.  The  reaction  between  chlorite  and  hypochlorite  to  form  chlorate 
and  chloride  and  the  disproportionation  of  chlorite  to  chlorate  and  chloride 
were  also  studied  as  possible  methods  of  recovering  chlorate  from  the  above 
mixtures . 

5.  The  use  of  perchloric  acid  in  place  of  sulfuric  acid  in  the 
disproportionation  of  sodium  chlorate  resulted  in  comparable  conversions  of 
sodium  chlorate  to  perchlorate  in  batch  «ype  reactions. 

6.  Perchlorate  values  have  been  recovered  from  the  sulfuric  acid  dis- 
proportionation reactions  either  as  ammonium  and  potassium  perchlorates  by 

a fractional  crystallization  method,  or  as  perchloric  acid  by  a vacuum 
distillation.  The  vacuum  distilled  perchloric  acid  could  be  converted  to  a 
high  purity  ammonium  perchlorate  by  reaction  with  anhydrous  ammonia.  When 
perchloric  acid  was  used  in  thir  process,  sodium  perchlorate  was  recovered 

by  direct  crystallization. 
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7.  Approximately  l/2  pound  samples  of  potassium  and  ammonium  per- 
chlorate have  been  made  in  single  laboratory  preparations. 


8.  No  catalyst  was  found  that  would  change  the  course  or  the  speed 
of  the  disproportionation  reactions. 

9.  The  by-product  in  the  83^  sulfuric  acid  process  was  a solid 
complex  of  sodium  acid  sulfate,  sulfuric  acid  and  water  of  hydration  con- 
t&inirg  63“£  by  weight  of  equivalent  sulfuric  acid  values. 

10.  A projected  continuous  cyclic  process  using  83^  sulfuric  acid  was 
developed  on  which  to  "base  a cost  estinate,  and  as  a preliminary  guide  for 
pilot  or  industrial  scale  development  of  the  disproportionation  process. 

11.  A cost  estimate  on  the  production  of  10,000  TPY  of  potassium  per- 
chlorate by  the  disproportionation  process  gave  a cost  of  20. 2^!  per  pound, 
assuming  that  the  by-product  acid  mixture  i e sold  at  its  sulfuric  acid  value. 
On  the  same  basis,  the  cost  of  potassium  perchlorate  by  the  electrolytic 
method  using  platinum  anodes  would  be  lh.Of!  ptr  pound. 

12.  A cost  estimate  on  the  production  of  10,000  TPY  ammonium  perchlorate 
by  the  disproportionation  process  gave  a cost  of  21.5f£  par  pound,  assuming 
that  the  by-product  acid  mixture  i s sold  at  its  sulfuric  acid  value.  This 
is  based  on  forming  the  ammonium  perchlorate  by  vacuum  distilling  perchloric 
acid  from  the  acid  disproportionation  mixture,  and  reacting  it  with  anhydrous 
ammonia. 


13.  An  analytical  procedure  was  developed  for  mixtures  containing 
perchlorate,  chlorate,  chlorite,  hypochlorite  and  chloride.  On  testing 
thiB  procedure,  analytical  results  duplicated  actual  sample  compositions  to 
within  1.5^. 

14.  A patentability  and  infringement  study  has  been  completed  on  the 
projected  process. 


CONCLUSIONS 


,*N 


1.  The  reaction  for  the  dlspr opor tionatlon  of  sodium  chlorate  In 
strong  acids  is: 

3 NaClO  + 2 H2S0^ ► NnC104  4 2 C102  + 2 NnHS04  + H?C 

5 (2  H0104)  v2  NaC104) 

When  Cl2  is  formed  it  appears  to  come  from  the  decomposition  of  chlorine 
dioxide  and  net  from  sodium  chlorate. 

2.  The  above  reaction  can  be  controlled,  and  yields  close  to  theory 
for  sodium  perchlorate  can  be  realised.  No  catalyst  is  needed. 

3.  The  recovery  of  perchlorate  in  the  sulfuric  acid  process  as  potas- 
sium nerchlorate  by  fractional  crystallization,  and  as  ammonium  perchlorate 
by  reaction  of  vacuum  distilled  perchloric  acid  with  anhydrous  ammonia, are 
favored  because  of  ears  and  efficiency.  Product  recoveries  as  ammonium  per- 
chlorate by  fractional  crystallization  and  perchloric  acid  by  vacuum  distil- 
lation in  the  sulfuric  acid  process,  and  sodium  perchlorate  by  fractional 
crystallization  in  the  perchloric  acid  process,  are  also  considered  practical. 

h.  Recovery  of  oxidizing  values  in  the  volatile  off-gases  from  the  acid 
disproportion**. tion  reaction  can  best  be  done  by  absorbing  the  gases  in  dilute 
caustic  solution,  adding  salt  to  increase  the  concentration  and  electrical 
conductivity  to  that  of  conventional  electrolyte,  and  electrolyzing  in  a 
chlorate  type  cell  to  form  sodium  chlorate. 

5.  When  carrying  out  the  83$  sulfuric  acid  process  on  a continuous 
"basis,  8.3  pounds  of  solid  acid  by-product  containing  63$  of  equivalent  sul- 
furic acid  would  be  produced  for  every  pound  of  potassium  perchlorate 

or  ammonium  perchlorate. 

6.  In  the  perchloric  acid  process,  assuming  the  sodium  perchlorr.ti.  mono- 
hydrate were  recovered  by  direct  crystallization,  it  was  concluded  on  the  basis 
of  preliminary  work  that  the  remaining  sodium  could  be  removed  by  anhydrous  HC1 
to  give  a by-product  of  one  pound  of  sodium  chloride  for  every  pound  of  sodium 
perchlorate  product. 

7.  The  analytical  procedures  developed  for  mixtures  containing  per- 
chlorate, chlorate,  chlorite,  hypochlorite  and  chloride  are  considered 
satisfactory  for  all  mixtures  encountered  in  the  sulfuric  acid  disproportiona- 
tion process.  In  the  perchloric  acid  process,  the  method  is  inadequate  for 
determining  the  relatively  small  increase  in  perchlorate  content  of  the 
perchloric  acid  rei.ctor  solution.  It  is  recognized  that  chloride  and  perchlorate 
analyses  are  unreliable  when  the  ratio  of  these  components  to  chlorate  is 

low,  but  such  mixtures  were  not  encountered  in  this  research. 

8.  The  acid  disproportionation  process  using  83$  sulfuric  acid  is  ready 
for  pilot  plant  testing 

9.  The  disproportionation  process  does  not  infringe  existing  United 
States  patents,  and  may  have  some  elements  of  novelty. 


- 3 - 


RECOMMENDATIONS 


1.  If  an  alternate  to  the  electrolytic  process  using  conventional 
or  alternate  anodes  ia  desired,  the  acid  disproportionation  prooess  should 
he  compared  with  other  chemical  methods  now  being  studied  and  the  most 
promising  one  choeen  for  pilot  plant  testing. 

2.  The  choice  of  acids  should  he  made  on  the  basis  of  the  relative 
degree  of  hazard  involved  and  usefulness  of  the  by-products. 

3.  Patent  application  should  be  fil6d  on  the  novel  points  of  the  acid 
disproportionation  proooss. 
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LABORATORY  STUDY 


Disproportionation  of  Sodium  Chlorate  In  Acid  Solution 

1 . Summary  of  Previous  Work-  done  Under  1951  Project  NR  3S?-263/ 

Jz±2=51 , * 

The  1951  laboratory  work  was  of  a limited  exploratory  nature 
which  simply  established  that  appreciable  yields  of  sodium 
perchlorate  could  be  obtained  on  reacting  sodium  chlorate  and 
sulfuric  acid.  It  was  recognized  that  a patented  process(l)  for 
making  perchlorates  and  chlorites  of  different  metals  by  the 
above  reaction  would  be  of  doubtful  value . However,  it  was 
felt  that  an  adaptation  of  this  process  which  did  not  recover 
chlorite,  but  returned  all  reduced  chlorate  to  a chlorate  cell 
to  be  reconverted  might  be  practical. 

2.  Ronctlu:’  Study 

a.  Pot  Reactor 

The  purpor.e  of  t kin  r.liftoe  of  the  work  v<v,  to  determine  t>e 
feasibility  of  anc.  the  optirur  conditions  for  the  production  of 
porch! orates  by  the  disproportionation  reaction  of  a chlorate  such 
as  oodiur  chlorate  ir.  a cor.  cent  rat  of.  strong  acid.  Tho  rs-Jor  part 
of  our  effort  has  been  in  reactions  vith  uul frric  acid. 
althr'-sgJa  a few  prclirlnary  or  per  i:  wit  o,  were  carried  out  with 
pen  Meric  acid. 

rhtnerous  reactions  might  seem  por  Ible,  depending  on  reactant  concen- 
trations, temperature,  etc,  between,  the  limits  of  the  two  follow- 
ing equations  s 

Cl)2H2SC2f  + 3baCl  O3 » ilaCIC-,  + 2C102  - 2NaHS0j*  + H20 

(?)  H2SO i,  + 7HB.CIO3 > 5HaClCj^  4-  Cl2  + N&2  SO^.  + HgO 

The  evidence  of  this  research,  however,  as  discussed  in  a later 
part  of  this  section,  is  that  equation  (l)  shove  the  only  course 
of  reaction  under  the  conditions  used  in  this  research,  although 
chlorine  may  also  be  formed  by  th»  partial  vn-r  phase  thermal  de- 
composition of  chlorine  dioxide.  A 33.3*  conversion  of  sodium 
chlorate  to  perchlorate  represents  the  theoretical  maximum  yield  by 
equation  1.  As  expected,  the  recovery  of  oxidizing  chlorine  va  ies 
in  the  off-gases  was  found  to  require  const  ierable  research  eff  .-t . 

solution  650  Wl. 

Rf"?1',"  “-so  of  .olid  .cdfon  chloit.) ZJSt. 

Sr-? IMS  && 
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The  reaction  of  5011  aulfurie  acid  with  sodium  chlorate  solution 
was  too  slow  and  mild.  Using  70%  sulfuric  acid,  promising  yields 
were  obtained  in  the  temperature  range  of  ?0°  - 100°C.  with  a 3 
hour  reaction  period.  Use  of  83$  sulfuric  acid  yielded  more 
perchlorate  than  70$  acid  under  approximately  the  same  conditions, 
but  with  precipitation  of  some  solids  at  room  temperature.  The 
reaction  of  96$  sulfuric  acid  with  the  concentrated  sodium  chlorate 
solution  tended  to  be  violent  and  resulted  in  the  immediate  pre- 
cipitation of  a considerable  amount  of  solids  at  or  near  room 
temperature.  These  solids  dissolved  at  about  70°G.,  but  heavy 
foaming  of  the  reaction  mixture  occurred  at  this  elevated  temperature. 
Although  the  yield  from  one  experiment  with  96$  sulfuric  acid  was 
good,  it  was  decided  to  carry  out  further  work  with  the  79*?  and  83$ 
acid.  In  these  preliminary  experiments,  conversions  of  sodium 
chlorate  to  perchlorate  in  excess  of  32$  were  reached. 

In  order  to  determine,  in  farther  experiments  wit',  sulfuric  acid, 
whether  ani  perchloric  acid  was  boin,'  distilled  out  of  t;ie  reactor 
during  the  heating  of  the  chlorate-acid  mixture  after  they  r^ui  been 
mixed  at  room  terrperal ure , and,  also,  to  determine  the  composition 
of  the  reactor  vapors,  specially  in  ro.tard  to  oxidising  power,  a 
closed  reaction  vessel  was  used.  The  reactor  vapors  were  flushed 
out  with  nitrogen  and  absorbed  in  a train  of  two  3 1 sodium  hydroxido 
solutions  of  125  mis.  each.  The  reaction  mixtures,  exce;>t  as 
otherwise  noted,  consisted  of  iO  r.ls.  of  sulfuric  acid  of  ••iven 
strength  and  3C*5  nis.  of  a 65 0 gms./l.  UadlOg  solution  (25  "T.3. 
L'aCICp).  Tor  70$  acid  this  gave  an  I‘2-^h/prcxo-v  wei ratio  of 
4.1,  and  for  33!  < acid,  the  ratio  was  5»3-  The  ''following  variables 
irg  ♦-Wp  de-ree  o^  cnr.ve^^f.or.  o'*-  rodivr  Cal ~ZT-  to  fr.  riorchlorate 
vers  studied  with  and  P. 3$  rvdf’tric  acids  (l)  rate t ion.  temperature, 
and  (2)  ratio  of  acid  to  chlorate. 

Clio  reactions  with  ?0b  acid  were  carried  cut  at  do0  and  9?°C. 
with  reaction  -ericas  of  3 to  (■  hours.  It  69°, the  conversion 
of  sodium  chlorate  to  the  perchlorate  fell  in  the  range  of  11  to 
22$  for  tue  above  respective  reaction  times.  At  93°2.  th.e 
yield  was  a1  cut  "23 , practically  independent  reaction  tire. 

The-  conversion  of  sodium  chlorate  to  the  perchlorate  at  o9°C. 
when  visin'-  835.  sulfuric  acid  ranged  from  29  to  33$  for  reaction 
periods  o~  3 i-°  lj  hours  respectively.  Attempts  to  heat  a mixture 
of  3ji  sulfuric  acid  and  concentrated  nouiur  ciilorate  solution  to 
93° C.  resulted  in  moderate  explosions  at  about  ,/3o-30oC.  At 
these  tempera tures  the  concentration  of  yellow  chlorine  dioxide 
in  the  reactor  vapor  space  increased  too  rapidly  to  be  carried 
away  by  any  practicable  "low  of  nitrogen.  These  results  are  outlined 
in  Tables  j and  II . 

Fro;*  analyses  of  the  absorber  solutions  for  oxidizing  power  and 
chlorine  content,  the  composition  of  the  reactor  vapors  was  calculated 
and  expressed  as  er  cent  chlorine  and.  chlorine  dioaVo.  Vith  70$ 
acid  reacted  at  69® 0. , the  composition  of  the  reactor  vapors 
could  be  considered  as  100$  C10?,  and  when  the  reaction  -e-p  ->r- 
atvre  was  raised  to  93°’.,  the  0 10 o content  dro-ped  to  ••  \7'  Clg)  • 
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•'iii'ii  rear  tin/*  33)  nul'.'iri  • n-’id  vrt  th  3odluv.  chlorate  solution  and 
hoatirv  *0  t'f0!.,  thn  CIO;-  contort  of  the  abrsorbed  reactor  vapors 
raryeu  Oror  to  Y (12  to  15.  . Cl-,)  or  reaction  periods  of  3 to 

( ho;  rr.  respectively.  These  results  are  given  in  Table*  HI  and  yy, 

Ac  the  ratio  of  the  woirht  of  equivalent  100,1  Ho30;.  to  the  woirht 
of  00  -.Iv.-’1  cut  solid  sodium  chlorate  was  increased  from  2.6  to  .1 
when  reacting  7Q  acid  at  93°C*.  the  conversion  of  sodium,  chlorate 
to  tiie  po meliorate  rono  .fmr.;  28  to  33^»  At  the  sa/e  time  the 
J 10o  'ontent  of  the  a hr,  or';  cd  ran  -tor  vapors  drop'  ad  frori  9-8  to  23)) 
(5-8*"  to  77,  Clo) . dhen  roar  tin.’  33/)  acid  in  the  acid-chlorate 
ratio  range  0?  3. A to  1C. 5.  fro'”.  31  to  33$  of  the  sodium  chlorat6 
wan  converted  to  perchlorate  respectively  at  69°C.  Under  these 
condition  , iho  a’ sorted  reactor  vapors  ranged  in  composition  from 
93  to  8.9)  C10o(7  'to  1(7)  CI2)  . The  reaction  period  for  all 
experiments  in  this  series  was  9.5  hours.  Tailor.  V and  VI  show 
these  result s. 

In  interpreting  the  above  yields,  it  should  be  noted  that  for  a 
reaction  exactly  following  equation  (l)  (Page  5 ) in  which 

chlorine  dioxide  is  the  only  oxidizing  gas  given  off,  a 33.3^  con- 
version of  sodium  chlorate  to  perchlorate  represents  the  maximum 
possible  yield,  while  for  equation  (2)  where  chlorine  Is  the  only 
oxidizing  gas  given  off,  a 71.9^  conversion  represents  the  maximum 
possible  yield.  In  most  of  the  above  experiments  in  which  the 
reaction  of  sulfuric  acid  and  Bodium  chlorate  was  carried  out,  a 
considerable  amount  of  chlorine  dioxide  was  found  in  the  absorber 
solutions.  Thus,  the  yields  might  be  expected  to  be  closer  to  the 
value  for  equation  (1).  Even  in  those  cases  where  the  reactor 
gases  as  absorbed  in  sodium  hydroxide  solution  are  analyzed  as  having 
been  to  a large  degree  chlorine,  It  is  likely  that  the  gases  Just 
as  they  evolved  from  the  reactor  solution  were  chlorinw  dioxide. 

Brown  (2)  has  found  that  in  the  gas  phase,  chlorine  dioxide  undergoes 
thermal  decomposition  into  chlorine  and  oxygen.  This  reaction  rate 
rises  rapidly  with  temperature,  especially  above  60°C.  In  aqueous 
solution,  chlorine  dioxide  may  undergo  catalytic  hydrolysis  into 
chloric  and  hydrochloric  acids.  If  no  catalyst  is  present,  the 
solutions  arc  stable,  even  at  96.5°C. 

Distillation  or  carry  over  as  mist  of  perchloric  acid  from  the 
reactor  was  found  to  bo  negligible  at  the  reaction  temperatures 
used  (93°C.  max.). 

During  the  course  of  these  experiments  the  observation  was  made 
that  as  the  mixture  of  sulfuric  acid  and  concentrated  sodium 
chlorate  solution  is  heated,  there  is  ft  continuous  evolution  of 
strongly  yollow  vapors  until  the  temperature  reaches  908-<>3,C», 
at  which  point  the  evolution  of  the  yellow  vapors  stops  sharply. 

For  83$  sulfuric  acid,  this  characteristic  temperature  is  67-69*0. 
These  then  were  considered  to  be  the  desirable  temperatures  for 
carrying  out  the  formation  of  perchlorate,  since  at  lower  tempera- 
tures. the  reaction  rate  is  v«rv  slow,  and  at  higher  temperatures , 
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TAT.E  III 

Effect  of  Acid  Strength  on  Composition  of  Reactor  Vapors  Eorraed 

in  RaClOo-E^SQ^  Reaction 
(Ret.^eactor) 

(Values  given  arc  totals  found  in  "both  caustic  absorber 
solutions  used  in  absorbing  trail.) 


* - Veif^it  of  Cl  par  25  grams  of  HaClO^  charge 

Reaction  Temperature  (ave.  max.)  = 69°C, 

Reaction  Charge;  90  mis.  of  H2SO2+  of  given  strength 

38.5  mis.  of  650g./l.  Na0103 


>.  X •**"  **»•-***..  < 


I 


T 


■v  . 

<♦ 
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Effect  of  Re&otion  Temperature  on  Composition  of  Reactor  7 spore 
Formed  in  NaOlOy-Hjj5^  Reaction. 

(Pot  Rosa tor) 


(Valuee  given  are  total*  found  in  'Doth,  cauetio  abeorber 
Bolutione  used  in  absorbing  train.) 


REACTION 

!TSKP. 

(ave.kax.  ) 
•0. 

LENGTH  07 
DIGESTION 
PERIOD 
HOURS 

TOTAL  VT.* 
07  Cl  IN 
ABSORBING 
SOLUTIONS 
QMS. 

i 07  01 
AS  012 

£ OF  01 
AS  0102 

69 

3.0 

1.91 

None 

100 

4.5 

2.00 

None 

100 

6.0 

3.20 

0.6 

99.4 

93 

3.0 

4.17 

75.1 

24.9 

4.5 

4.70 

76.2 

23.8 

6.0 

4.94 

76.7 

230 

* Weight  of  Cl  per  2$  gram*  of  HaC10-j  charge 

Reaction  Char  go*  90  nils  of  7®/^  HjjSGh 

33.5  nla  of  650  g./l.  NaClO^ 

i 
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Effect,  of  Ratio  of  Sul fur  ic  Acid  to  Sodium  Chlorate  on  Yield 
of  Sodium  Perchlorat  , 

(Pot  Reactor) 


Strength  of 
K^SCk  Used 
Wt.  <jt> 

Ratio:  Wt.  of 
Kquiv.  I00;-‘  H2SO4 
Yb.  Wt.  of  SaClOj 

Wt.  or  Mol  4>  of 
HaClOo  Converted 
to  NaClO^ 

n *i 
( - 

3.6 

27.3 

4.1 

30. ;) 

8.1 

36.3  * 

33 

3.4 

31.2 

5-3 

31.3 

10.3 

34.9  * 

ff 


Length  of  Digestion  Period  - 4.5  hours 


Reaction  Temp.  (ave.raax.) 

93°C  (when  using  7<$  n2s0^' 

69°C  (when  using  H2SO4) 

* - A 33.3)6  conversion  of  sodium  chlorate  to  perchlorate  represents  the  theoretical 
maximum  yield  by  count  ion  1 of  Page  5»  These  results  were  obtained  before  ex- 
tended refinements  in  analytical  procedures  for  mixtures  of  chlorate  and  perchlorate 
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Effect  of  Ratio  of  Sulfuric  Acid  to  Sodium  Chlorate  on  Composition 

of  Reactor  Vapors 

(Pot  Reactor) 

(Value?  given  are  totals  found  in  both  caustic  absorber  solutions 

used  in  absorbing  train.) 


Strength  of 
EUSOi.  Used 
vt:  $ 

Ratio  Wt.of 
Rquiv.  10C$ 
Vso 

'lit.  of 
NaClOp 

Total  Wt.* 
of  Cl  in 
Absorbing 
Solutions 
gms. 

$ of  Cl 

as 

Chlorine 

$ of  Cl 
as  Chlorine 
Dioxide 

70 

2.6 

4.26 

51.6 

43.4 

4.1 

4.70 

76.2 

23.8 

3.1 

5.33 

77.2 

22.8 

83 

3.4 

4.32 

7.0 

93.0 

5.3 

5.46 

12.4 

87.6 

10.5 

5.41 

16.4 

83.6 

*/; 


V 

40* 


I 

I 

! 


S' 

'V 


* Weight  of  01  per  25  grams  of  HaOlO-j  Charge. 

Length  of  digestion  Period  - 4.5  hours 

Reaotion  Teinp.  (ave.max.)j 

93°0  (when  using  70$  H^SOj^.) 

6y"0  (when  using  83$  H2SO14) 
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all  the  chlorine  dioxide  tends  to  be  thermally  decomposed  Into 
chlorine  and  oxygen.  When  the  83%  sulfuric  acid  and  chlorate  mixture 
was  heated  to  75°G.  and  higher,  there  vae  a reappearance  and  very  rapid 
Increase  in  concentration  of  the  yellow  vapors  with  the  mixture  ex- 
ploding at  about  80»C.  No  attempts  were  made  to  carry  out  any  experi- 
ments with  70#  acid  above  93°C.  These  observations  apply  to  the  series 
of  experiments  in  which  the  reactor  vapors  were  confined  and  swept 
through  an  absorbing  train  of  oaustic  solutions  by  nitrogen  bubbled 
through  the  reaotor  solution.  In  a preliminary  experiment  in 
which  the  reaotor  was  completely  open  to  the  ataesphere,  a similar 
mixture  of  chlorate  and  83#  sulfuric  acid  could  be  heated  to  1Q2*C. 
without  exploding. 


The  reaotion  of  70#  and  83#  sulfurio  acid  with  sodium  chlorate 
solution  was  also  carried  out  by  slowly  adding  the  sodium  chlorate 
solution  to  acid  already  preheated  to  th6  reaction  temperature 
rather  than  mixing  at  room  temperature  and  then  heating.  The 
yield  of  sodium  perchlorate  was  not  appreciably  affeoted  by  this 
chnnge  in  reaction  technique.  However,  the  composition  of  the 
evolved  reactor  vapors  was  radically  changed.  With  70#  sulfuric 
acid  reacted  at  93*C.,  the  chlorine  dioxide  content  dropped  from 
about  25#  to  0#  (75#  to  100#  CI2) , and  with  83#  sulfuric  acid 
reaoted  at  69*0.,  the  chlorine  dioxide  content  dropped  from 
about  88#  to  0#  (12#  to  100#  CI2) • A number  of  experiments  were 
also  oarried  out  in  which  air  was  substituted  for  the  nitrogen 
used  in  flushing  out  the  reaction  vessel.  This  change  had  little 
effect  on  the  yield  of  perchlorate  or  the  composition  of  the  reactor 
vapors  as  coopered  with  identical  experiments  carried  out  with  nitrogen 
flushing.  These  results  are  given  in  Tables  VII  and  VIII. 


One  advantage  in  using  83#  sulfuric  acid  for  carrying  out  the 
disproportionation  reaotion  is  that  less  unreacted  sodium  chlorate 
and  oxidised  ohlorine  gases  remain  in  the  reaction  mixture.  The 
presence  of  an  appreciable  amount  of  unreacted  sodium  chlorate  could 
cause  difficulties  in  the  separations  for  the  recovery  of  perchlorate 
as  discussed  in  Part  4 of  the  Laboratory  Study  section  of  this  report. 
At  the  end  of  an  average  reaction  period  of  4.5  hours,  approximately 
3#  sodium  chlorate  and  oxidised  chlorine  gases  remain.  In  contrast, 
with  70#  sulfuric  acid,  approximately  12#  sodium  chlorate  and  oxidised 
chlorine  gases  remain  after  4,5  hours.  This  is  somewhat  counter- 
balanced by  the  possibility  of  the  reaction  with  83#  sulfuric  becoming 
violent  in  case  the  reaction  temperature  is  not  closely  controlled. 


It  has  been  established  in  a few  experiments  that  perohlorates  may 
be  made  by  heating  sodium  chlorate  with  peichlorio  acid.  When  reacting 
0O.3#  perchloric  acid  with  concentrated  (650  g./l.)  sodium  chlorate 
solution,  the  mixture  must  be  heated  to  93*C.  to  obtain  an  appreciable 
conversion  (l6#)  of  the  sodium  ohlorate  to  perchlorate.  With  70. 7# 
perchloric  acid,  32#  of  the  sodium  chlorate  o&n  be  converted  to  per- 
chlorate at  69°C.  The  react'r  vapors  in  this  case  were  found  to  be 
98#  chlorine  dioxide.  Raising  the  reaction  t emperature  with  70. 7# 
perohloric  acid  to  93®C.  did  not  increase  the  yield  of  -perchlorate. 

These  results  are  detailed  in  Tables  IX  and  X.  In  the  above 

reactions,  the  initial  ^OlOh/iJaClOq  W0*Ghb  ratio  with  60,3#  perchloric 
acid  was  3,5  and  with  70.7#  acid  it  was  4.5.  The  batch  charge  in  each 
case  was  94.2  mis.  of  perchloric  acid  of  the  given  strength  and  38.5  mis. 
Of  b,  650  g./l.  NaClO^  solution  (25  gms.  ITaClO-j). 
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TABLE  VII 


Comparison  of  Yields  of  Sodium  Perchlorate  from  KaCiOj-B^SO^  Heaction  Under 

Varied  Heating  Cycles 

(Pot  Reaotor) 

Heating  Cycle: 

1,  Add  NaClO^  solution  to  cold  2230^,  then  heat  mixture  to  desired  reaction 
temperature.  Consider  reaction  period  to  include  heating  rqp  time. 

2.  Add  NaClO^  solution  to  ^SO^  already  preheated  to  reaction  temperature . 


v 


I 


Cas  Used  in 
Flushing  Reactor 
Train 

Strength  of  ^SOi* 
Used- 
Vt.  i 

Heating 

Cycle 

Vt.  or  Hoi  % of 

NaClOn  Converted 
to  NaClO^ 

NITROGEN 

70 

1 

32.1 

2 

30.0 

83 

1 

29.5 

2 

* 

18.0 

AIR 

70 

1 

2 8.5 

2 

31.4 

83 

1 

3^.3A 

2 

33.7 

Reaction  Charge: 

90  mis  of  H2SO4  of  given  strength 
38.5  mis  of  650  g./l.  KaClO^ 

Reaction  Temperature: 

93*C  (with  7<#  H2S04) 

6?®0  (with  03^  H2SO4) 

Length  of  Digestion  period  - 3 hours 

* Analysis  of  reactor  solution  of  this  experiment  is  in  question, 
A Refer  to  footnote  on  Table  V,  Page  12. 
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Comparison  of  Composition  of  Reaator  Vapors  Formed  in  KaGlOj-I^SO^  Raaotlon 
Under  Varied  Heating  Cycles  - 

(Pot  Reactor) 

bating  Szalflt 

1.  Add  NaClOi  solution  to  cold  H^O^,  then  heat  mixture  to  desired 
reaction  temperature.  Consider  reaction  period  to  include  hei.ting 
tip  time. 

2.  Add  HaClO-j  solution  to  H2SO4  already  preheated  to  reaction  temperature. 


das  Used  ir 

Flushing 

Reactor 

Train 

Strength  of 
IgSOjj.  used 

Heating 

Cycle 

Total  Vt.* 
of  Cl  in 
Absorbing 
Solution 

gas. 

£ of  01 
as  Cl2 

<f>  of  Cl 
as  01C2 

NITROGEN 

70 

1 

4.17 

75.1 

24.9 

2 

4.55 

99.6 

0.4 

83 

•% 

± 

5.50 

11.8 

88.2 

2 

5.49 

99.8 

0.2 

AIR 

70 

1 

3.96 

77.9 

22.1 

2 

4.46 

99.8 

0.2 

83 

1 

5.16 

8.7 

91.3 

2 

5.50 

100.0 

0.0 

* Weight  of  Cl  per  25  grams  of  NaClO^  charge. 

Reaction  Chargei  90  mis  of  H2SQ4  of  given  strength 
38.5  mis  of  650  g./l.  HaC103 

Reaction  Tsngperaturei  93*0  with  70$  H2SO4 

69*0  with  83^6  H2SO4 

Length  of  Digestion  Period  - 3 hours. 
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In  order  to  Gbtaln  a relatively  large  amount  of  product  solution 
for  perchlor  te  recovery  studies  as  described  in  Part  4 cf  the 
Laboratory  Study  section  of  this  report,  four  repeated  batch 
reactions  of  70%  sulfuric  acid  with  650  g/l  sodium  chlorate  solu- 
tion (50  gms  . NaClOo  per  batch)  were  carried  out  at  93°-95°-.  by 
the  procedure  described  above.  This  series  of  preparations  was 
repeated  using  ?0.7 % perchloric  acid  in  place  of  the  sulfuric 
acid.  During  these  preparations,  an  attempt  was  imde  to  absorb 
the  chlorine-chlorine  dioxide  off-gases  in  a train  of  four  con- 
cen '.rated  (4lS  g/l)  sodium  hydroxide  solutions  rather  than  in  8^ 
(87  g/l)  sodium  hydroxide  solutions  as  above.  The  absorption  by 
the  concentrated  caustic  solutions  was  not  complete.  Use  of  a 
200  g/l  sodium  hydroxide  solution  in  the  absorbers  resulted  in 
practically  complete  absorption  of  the  chlorine-chlorine  dioxide 
off-gases  in  the  first  three  of  the  train  of  four  absorbers. 
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TABU  IX 


Iffeet  of  Perchloric  Acid  Strength  and  Reaction  Temperature 
on  Yield  of  Sodium  Perchlorate 

(Pot  Reactor) 


Strength  of 
ECIOI4.  Used 
Vt.  $ 


Sxpt.  No. 


60.3 


33 


34 


70.7 


35 


36 


T' 


A.vo.  Max. 
Reaction 
Temperature 
®C. 


Wt.  or  Mol  $ 
of  RaClOj 
Converted  to 
NaClOjj, 


69 


0.0 


93 


16.0 


69 


93 


32.1 

25.2 


Length  of  Digest ion  Period  - 4.5  hour 8 

Reaetlon  Charge;  94.2  mxe.  of  HCIO^  of  given  strength 

38,5  mis.  of  650  g./’l.  SaClO^j  solution 
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Effect  of  Acid  Strength  and.  Reaction  Temperature  on  Composition  of 
Roactor  Vapors  Formed  In  HCl0^-JJaC103  Reaction 

(Pot  Reactor) 


Strength 
of  ECIO4 
Used 
Wt.  £ 

i 

Erpto 

ffo*. 

Ave.Max. 

Reaction 

Temp. 

•C. 

Total  Wt.* 
of  01  in 
Absorbing 
Solutions 
gas. 

£ of  01 
as  OI2 

of  Cl 
as  C1C>2 

60.3 

1 

33 

69 

0.61 

Rone 

100 

34 

93 

302 

Rone 

100 

70.7 

35 

69 

4.31 

97.0 

36 

93 

5.19 

37.3 

62.7 

* Weight  of  01  per  25  grams  of  RaClO^  charge 


Length  of  Digestion  Period  - 4.5  hourB 


b.  Packed  Column  Header 


In  an  attempt  to  avail  the  danger  of  Itanrlirg  and  heating  large  jot 
Datchss  of  acid  chlorate-j'orcV.ora.t''  solutions  as  would  "be 
necessary  on  a commercial  scr_a,  a semi-continuous,  packed  column  type 
reactor  was  designed  ar.d  built,  for  carrying  out  the  disproportiona- 
tion of  sodium  chlorate  in  acid  solution.  A reactor  of  this  kind  would 
contain  only  a small  hold-up  of  potentially  dangerous  hot  chlorate  and 
perchlorate  solutions.  Details  of  the  column  and  auxiliary  equipment 
are  shown  ir.  Figure  1, 

A typical  experiment  will  illustrate  the  operation  of  the  packed 
column  reactor.  The  charge  was  prepared  by  nixing  ?Ct-  sulfuric 
acid  into  sodium  chlorate  solution  (650  g./l.).  The  chlorate 
solution  was  kept  in  an  ice  wRter  bath  to  maintain  the  temnerature 
during  mixing  at  or  slightly  below  2 °C.  The  mixed  charge  was  then 
held  in  a feed  flask  above  the  column  with  the  charging  rate  con- 
trolled by  a stopcock  in  the  line.  A slight  pressure  was  maintained 
above  the  charge  solution  to  overcome  back  pressure  in  the  column. 

The  column  was  heated  by  an  externally  wound  resistance  wire,  and 
the  temoeratures  measured  by  thermocouoles  fastened  against  the  out- 
side wall  of  the  glass  column.  Thus,  the  measured  temperatures  were 
not  the  actual  temperatures  of  the  solutions  passing  through  the 
column,  but  were  only  relative,  for  use  in  comparing  the  results  of 
different  experiments.  However,  it  is  eatlnfited  that  the  actual 
average  temperature  of  the  acid-chl „-ate  solution  in  the  hr t zone  of 
the  column  was  about  40°C,  below  the  outside  wall  temperature  at  the 
midpoint  of  the  heated  length  of  the  column.  During  the  downward 
percolation  of  the  acid-chlorate  solution t hrough  the  glass  helix 
packing  of  the  column,  a flow  of  nitrogen  gas  was  maintained  up 
through  the  column  to  dilute  the  chlori-  dioxide  content  of  the  vapor 
below  the  explosive  limit.  These  gases  were  either  vented  to  the 
stack  or  absorbed  in  a train  #f  two  to  four  sodium  hydroxide  solutions 
of  100-200  g/l.  A small  bleed  of  nitrogen  gac.  was  maintained  through 
the  product  receiver  to  sweep  out  any  chlorine  dioxide  and  chlorine 
carried  down  in  solution.  At  the  conclusion  of  a run,  the  column  was 
washed  out  with  two  100  ml.  portions  of  water. 

Ae  seen  from  Table  XI.  the  packed  column  reactor  was  operated  through 
the  temperature  range”  of  100°  to  180»C.  At  180®C.  there  was  a con- 
siderable boiling  of  water  from  the  feed  solution,  and  a repeated 
refluxing  of  this  water  between  the  condenser  and  heated  portions  of 
the  column.  At  temperatures  abov«  l4ceC.,  there  was  a steadily  in- 
creasing loss  of  water  by  the  acid-chlorate  mixture  as  it  passed 
through  the  column.  As  these  product  solutions  cooled  to  room  tem- 
perature, a considerable  precipitation  of  crystals  occurred.  There- 
fore, l4-0°C.  was  chosen  as  a suitable  operating  temperature  at  which 
a conversion  of  sodium  chlorate  to  perchlorate  as  high  as  could 
be  secured  in  a single  pass.  Charging  rates  of  4 to  10  mis.  per 
minute  (through  a 1-7/32"  I.D.  column)  were  suitable,  with  somewhat 
higher  conversions  at  the  lowor  throughput . In  all  cases,  the  pro-*- 
portlons  of  70$  sulfuric  acid  and  sodium  chlorate  solution  (650  g./l.) 
were  the  seme  as  those  used  in  the  pot  reactions  previously  described 
that  i*  an  anhydrous  l^SO^/NadO^  weight  ratio  of  4,1.  The  nitrogen 
flushing  rate  in  these  experiments  was  two  liters  per  minute. 
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Tielde  of  Sodium  Perchlorate  from  Packed 
Column  Reactor 


I 180_ L Z6*7  ! 

OHAROS*  60.7  mis.  of&O  g./l.  NaCn.03  (40g.  HaClOj) 

144  mis.  of  7($  H2SC4 

[52S04/^aCl03  (anhydrous)  weight  ratio  - 4.y 
Mixed,  then  dripped  through  column. 

Hitrogen  flushing  rate  - 2 l./min. 

* — Actual  average  temperature  of  acid— chlorate  solution  in  hot  zone  of  column  was 
approx.  40°C.  below  this  outside  wail  temperature, 
a - Includes  UaClOi*  in  pro^jct  solution  only, 
b - Includes  KaClOij.  in  product  and  wash  water  solutions. 
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The  product  solutions  of  several  of  the  above  experiments  were  given 
a second  pass  through  the  column.  Nitrogen  flushing  rates  of  2 to  6 
liters  per  minute,  and  a column  temperature  of  140°C.  were  used.  At 
best,  only  a small  Increase  in  conversion  of  sodium  chlorate  to  per- 
chlorate resulted  from  the  second  pass  reaction,  and  at  the  higher 
nitrogen  flushing  rates  there  was  practically  no  increase  in  conversion. 
It  thus  appears  that  the  minimum  nitrogen  flushing  rate  which  will 
lower  the  chlorine  dioxide  concentration  below  the  explosive  range 
should  be  used  to  permit  maximum  conversion  efficiencies.  High  flushing 
rates  result  in  undesirable  cooling  within  the  column. 

Several  experiments  were  carried  out  in  which  perchloric  acid  was 
substituted  for  sulfuric  acid  in  the  aciA-chl orate  charge  to  the 
packed  column  reactor.  The  proportions  of  acid  to  chlorate  were 
those  used  in  tha  pot  reactions  (see  Table  IX  and  previous  dis- 
cussion). Charges  containing  7 1$  perchloric  acid  crystallized  and 
plugged  the  reactor  at  column  temperatures  above  120»C.  (outside 
wall).  A 6l $ perchloric  acid-chlorate  charge  could  be  run  through 
the  column  with  column  temperatures  as  high  as  150°C.  without  crystal- 
lizing. Considerable  difficulty  was  encountered  in  analysis  of  these 
product  solutions,  containing  high  perchlorate,  and  some  refinement 
of  the  analytical  method  is  necessary  for  this  type  of  mixture. 

Further  work  with  perchloric  acid  vas  discontinued  because  of  the 
more  ready  interpretation  of  results  when  sulfuric  acid  is  used. 

The  data  already  on  hand  for  perchloric  acid  from  the  pot  type  of 
reactor,  and  the  patent  literature  suggests  that  both  acids  can  be 
used  for  the  disproportionation. 

As  previously  discussed,  it  is  felt  that  sulfuric  acid  and 
sodium  chlorate  when  reacted  undor  the  conditions  used  in  this  re- 
search form  chlorine  dioxide  as  the  only  chlorine-containing  oxidizing 
gae.  and,  therefore,  a 33»39b  conversion  of  sodium  chlorate  to  per- 
chlorate represents  the  theoretical  maximum  yield.  As  this  chlorine 
dioxide  is  swept  out  of  solution  by  the  flushing  gas  (air  or  nitrogen) 
it  oeoomes  susceptible  tc  thenaal  decomposition  into  chlorine  and 
oxygen,  the  rate  of  t'ie  reaction  being  quite  high  above  60°C. 
Therefore,  the  off-gases  from  the  chlorate-acid  reaction  may  con- 
tain as  little  as  one-fifth  of  the  original  oxidizing  power  of  the 
chlorine  dioxide  formed  by  the  time  they  pass  over  to  the  caustic 
solution  absorbers. 

In  a typical  experiment  with  70$  sulfurio  acid,  approximately  30$ 
of  tha  chlorate  charge  is  converted  to  perchlorate,  25$  to  30$  re- 
njains  in  the  product  solution  (and  wash  solutions,  if  used  in  column 
experiments)  as  dissolved  chlorine  dioxide,  chlorine,  and  possibly 
soma  unreacted  chlorate,  and  40$  to  45$  is  recovered  as  dissolved 
chlorine  dioxide  and  chlorine  in  the  caustic  solution  absorbers.  As 
seen  from  Table  VIII  the  oxidizing  level  of  tho  caustic  absorbed 
off-gases  from  the  reaction  with  70$  sulfuric  acid  at  a temperature 
sufficiently  high,  to  obtain  a satisfactory  perchlorate  yield,  would 
ho  expected  to  be  between  73$  to  100,;  chlorine  (25$  to  0$  CIO2). 

These  figures  refer  to  reactions  carried  out  in  a pot  reactor.  Tha 
composition  of  the  absorbed  off-gases  from  tho  7°$  sulfuric  acid- 
chlorate  mixture  reaction  in  the  packed  column  reactor  also  fnl* s in 
this  range,  generally  being  close  to  lOOi  chlorine  (0$  ClOp). 
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Assuming  that  a 100i  efficient  reaction  la  one  in  which  66—2/ 3%  of 
the  chlorate  Is  converted  to  chlorine  dioxide,  all  of  which  io  ab- 
sorbed in  caustic  at  the  full  oxidizing  level,  then  in  practice, 
when  reactirg  ?1$  sulfuric  acid  with  sodium  chlorate  solution  (650  g/l), 
there  is  only  a 13$  to  27$  overall  efficiency  in  recovery  of  oxidizizg 
values  in  the  caustic  solution  absorbers.  Improvements  in  the  process 
to  make  possible  the  complete  release  of  oxidizing  gases  from  the 
product  solution  and  recovery  in  the  caustic  solution  absorbers  may 
be  expected  to  increase  the  efficiency  in  recovery  of  oxidizing  values 
to  from  2l$  tc  42$. 

As  seen  from  Table  IV,  practically  pure  chlorine  dioxide  oan  be 
recovered  in  the  caustic  absorber  solutions  by  lowering  the  reaction 
temperature  with  70$  sulfuric  acid.  However,  as  seen  from  Table  II, 
the  conversion  of  chlorate  to  perchlorate  is  considerably  lower,  and 
the  reaction  takes  place  very  slowly.  A multi-stage  processing  might 
be  considered  with  relatively  low  temperatures  in  the  early  stage  or 
stages  for  efficient  oxidizing  value  recovery,  and  a gradual  rise  in 
temperature  in  the  later  stage  or  stages  to  complete  the  conversion  of 
the  chlorate  to  perchlorate. 

Referring  to  Tables  I and  II,  one  may  observe  that  conversions  of 
sodium  chlorate  to  perchlorate  in  excess  of  30$  were  obtained  with  83$ 
sulfuric  acid  in  a pot  reactor  with  the  oxidizing  level  of  the  absorbed 
off-gases  maintained  at  85-88$  chlorine  dioxide.  Therefore,  it  seemed 
that  the  recovery  of  oxidising  values  in  the  absorbed  off-gases  from 
the  packed  column  reactor  could  be  most  easily  and  sharply  increased 
by  substituting  83$  sulfuric  acid  for  the  70$  sulfuric  acid.  However, 
the  substitution  of  an  equal  volume  of  83$  lulfuric  acid  for  the  ?0$ 
acid  resulted  in  the  formation  of  a heavy  crystalline  precipitate  on 
mixing  with  the  sodium  chlorate  solution,  with  the  mixture  maintained 
at  or  slightly  b slow  25°C.  Such  a slurry  would  not  have  been  suitable 
for  use  as  a charge  to  the  packed  column  reactor. 

On  mixing  83$  sulfuric  acid  with  650  g/l  sodium  chlorate  solution  in 
various  proportions  through  the  H2S0i*/NaC103  weight  ratio  range  of  0.5 
to  8.9,  a crystalline  precipitate  was  formed  in  every  case.  The 
mixture  was  more  strongly  yellow  when  the  chlorate  was  added  to  the 
acid  than  vice  versa.  The  filtered  precipitate  from  the  reaction 
carried  out  at  the  H^SO^/NaClO^  weight  ratio  of  6.8  at  30°C.  was  found 
to  contain  0.4$  sodium  chlorate  and  no  sodium  perchlorate.  This 
corresponded  to  an  0,8$  lose  of  the  sodium  chlorate  charge.  The 
precipitate  wae  composed  of  sodium  bisulfate,  sulfuric  acid  and  water, 
which  was  mostly  held  as  water  of  hydration.  The  choice  of  an 
H2S0i+,/SaC10q  weight  ratio  cf  6,8  used  in  the  following  experiments 
with  83$  sulfuric  acid  was  made  on  the  basis  of  completeness  of 
precipitation  of  sodium  ion  on  mixing  acid  and  chlorate,  general 
observations  on  carrying  out  the  precipitation  reaction,  and  greater 
safety  in  diluting  the  chlorate  with  a relatively  large  amount  of 
sulfuric  acid. 
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In  view  of  the  smll  loss  of  chlorine  compounds  in  the  hitmlfat^-acid 
preoipitate,  it  was  propoied  to  carry  out  the  reaction  of  83$  sulfuric 
acid  and  sodium  chlorate  solution  (65 0 g./l.)  in  two  steps.  first,  the 
acid  and  chlorate  solutions  would  "be  mixed,  with  the  temperature  main- 
tained near  that  of  room.  Then,  the  precipitate  would  he  filtered  off, 
and  the  filtrate  passed  through  the  heated  packed  column  reactor  in  the 
same  manner  as  described  above  for  a ?0$  sulfuric  acid- sodium  chlorate 
solution  mixture.  Tables  XII  and  XIII  show  in  detail  the  data  and  cal- 
culated results  for  three  typical  experiments  on  the  disproportionation 
of  sodium  chlorate  with  83$  sulfuric  acid  in  a packed  column  reactor  by 
the  above  procedure.  Satisfactory  conversions  (29-30$)  of  sodium 
chlorate  to  perchlorate  were  obtained,  and  the  absorbed  off-gases  con- 
tained 79  to  89$  chlorine  dioxide,  remonstrating  a high,  level  of  recov- 
ery of  oxidising  values.  The  HjjSQh/HaClO^  weight  ratio  in  the  above 
experiments  was  6.8. 

Based  on  laboratory  experience  with  the  above  two  stage  process,  the 
following  detailed  procedure  is  recommended  for  laboratory  scale  pre- 
parations handling  up  to  one  pound  of  sodium  chlorate: 

Md  the  sodium  chlorate  solution  (650  g./l.)  at  the  rate  of  about 
4 to  6 ml. /min.  to  the  83$  sulfuric  acid  contained  in  a closed 
vessel.  Maintain  the  reactor  temperature  at  35*-40°C. , and  con- 
tinuously flush  the  reactor  vapor  space  with  air  or  nitrogen  at 
1 to  2 l./min.  Pass  the  reactor  gases  through  a train  of  at  least 
three  absorbers,  each  containing  25 0 ml.  of  100-200  g./l.  sodium 
hydroxide  to  remove  all  oxidising  values,  and  having  a sintered 
glass  gas  washing  inlet  tube.  leep  the  caustic  absorbers  cooled 
in  a water  bath  to  20«-25*0.  An  approaching  saturation  or  neutral 
point  of  a given  absorber  solution  at  the  head  of  the  absorption 
train  is  indicated  by  the  appearance  of  successively  darker  shades 
of  amber  color  in  the  solution.  VL<m  the  solution  has  reached  a 
moderate  but  not  dark  amber  color,  remove  the  absorber  from  the 
line,  and  simultaneously  add  a fresh  absorber  at  the  end  of  the 
train  of  absorbers.  Check  the  pH  of  the  saturated  absorber  solution 
and  add  concentrated  sodium  hydroxide  solution  or  pellets  to  main- 
tain pH  8 or  higher. 

A more  uniform  reaction  is  promoted  by  keeping  the  reactor  slurry 
constantly  agitated  by  a low  speed  paddle  type  stirrer.  After  all 
the  sodium  chlorate  solution  has  been  added,  allow  the  reactor 
temperature  to  drop  slowly  to  that  of  room,  but  maintain  the  air 
or  nitrogen  flushing  and  stirring  for  one  to  two  hours  to  sweep 
out  dissolved  oxidizing  gases.  Chill  the  mixture  slowly  and  with 
stirring  to  15*-20*G.,  and  vacuo®  filter  while  cold  through  a sin- 
tered glass  filter  funnel.  Maintain  a bleed  of  air  or  nitrogen 
through  the  filter  flask  to  sweep  out  oxidizing  gases  through  the 
same  train  of  caustic  solution  absorbers  as  was  used  in  the  above 
mixing  operation. 


niter  the  BhESOty-^SO^  cafcn  as  dry-  as  possible j remove  from  the 
filter,  and  place  in  a vacuum  desiccator  for  farther  drying.  The 
filtrate  is  then  passed  down  through  the  packed  column  reactor, 
following  the  procedure  described  in  Section.  2b  and  figure  1 of  this 
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DISPROPORTIONATION  07  NaClO-j  WITH  Sjf,  H2SO4  IN  PACKED  COLUMN  EEACTCE  - 
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Cl)  Nitrogen  flushing  ^vs  was  saturated  with  H2O  at  50"C.,  and  heated  to  100®0.  before  introduction  into  the 
botton  of  the  colutm. 

(2)  tfeight  ratio  of  HgSOh/SaClO^.S. 


DISPROPORTIONATION  07  UaClOj  WITH  H2SQ4  in  PACKED  COLUMN  R1ACTCE 

ANALYTICAL  RESULTS 


report,  k ciiarging  rate  of  5-6  ml. /min.  and  an  all*  or  nitrogon 
flushing  rr to  of  0.5-1. 0 l./min.  lias  been  found  suitable.  Saturate 
tho  air  or  nitrogen  with  HjjO  at  50°C.  and  heat  to  100°C.  before 
introduction  into  the  bottom  of  the  column.  Past  the  column  off- 
gases through  the  same  train  of  caustic  solution  absorbers  as  was 
used  in  the  above  two  operations. 

A 30^  conversion  of  sodium  ohlorate  to  perchlorate  may  be  obtained 
by  a single  pass  of  the  filtrate  through  the  column  at  an  average 
external  wall  column  temperature  of  110*G.  Die  slight  yellow 
color  in  this  product  may  be  removed  by  a second  pass  through  the 
column  at  an  external  wall  temperature  ef  about  l4o°-150°  C. 

The  recovery  of  perchlorate  from  the  product  solution  is  described 
in  Part  4 of  the  Laboratory  Study  Section  of  thie  report,  and  the 
recovery  of  oxidised  ohlorine  values  from  the  absorber  solutions 
in  Part  5* 

3*  Effect  of  Catalysts  on  the  Acid  Digprouortlcnation  of  Sodium  Chlorate 

In  &.  P.Qt-^ygp,  Raastoy 

The  purpose  of  this  phase  of  the  work  was  to  determine  if  the  acid  dis- 
proportionation of  sodium  chlorate  could  be  catalyzed  to  give  higher 
conversion  of  sodium  chlorate  to  9odium  perchlorate  and  also  to  809 
if  the  oxidizing  level  of  the  gases  swept  out  of  the  reaction  solution 
could  be  changed. 

This  study  was  carried  out  in  a pot  type  reactor  (a  250  ml.  gas  washing 
bottle)  containing  70/>  sulfuric  acid  and  the  catalyst.  Sodium  chlorate 
solution  was  introduced  from  a burette  into  the  reactor.  A stream  of 
nitrogen  swept  the  yellow  gases  from  the  reactor  through  two  250  ml. 
gas  washing  bogles  containing  Bodium  hydroxide  solution.  See  Figure  2 
for  diagram  of  apparatus. 

To  carry  out  the  acid  disproportionation  of  sodium  chlorate,  9°  ml*  of 
70%  sulfuric  acid  was  placed  in  the  reactor  together  with  the  catalyst 
(10$  by  weight  of  the  sodium  chlorate  used  on  a solid  basis).  Then 
38.5  ml.  of  sodium  chlorate  solution  (650  g./l.)  was  slowly  added  at  a 
rate  from  0.8  to  1.4  ml, /min.  with  continuous  nitrogen  flushing  throu^ 
the  reactor  and  sodium  hydroxide  scrubbing  solutions  (200  g./l.  SaOH, 
first  scrubber}  100  g./l.  NaCH,  second  scrubber),  at  about  1/3  l./min. 
After  all  of  the  sodium  chlorate  solution  had  been  added,  the  temperature 
of  the  reactor  was  slowly  raised  to  between  90*  to  95#C  over  a 1.5  to 
1.75  hour  period.  The  reaction  temperature  (90*-95*)  * * maintained 
for  about  3 hours.  Nitrogen  was  flushed  through  the  system  continuously 
to  prevent  the  build-up  of  high  concentrations  of  ohlorine  dioxide  in 
the  reactor.  At  the  end  of  the  3 hour  period  the  apparatus  dis- 
mantled. nitrogen  flush  stopped  and  the  reactor  solution  allowed  to 
coo?..  The  solid  catalyst  remaining  was  filtered  from  the  reactor  solution 
and  the  solution  analysed.  The  caustic  scrubber  solutions  were  also 
analyzed.  Results  are  shown  in  Tables  XIY  and  XT. 


- 28  - 


r 


f 


! 


CONTIDENTIAL 


V 

4 


4t  » 


\ 

V 


r^MjL*«Tv 

..  u * < i . 


-?ir 
. . 1 * 


* * 

.h  * 


Of  the  catalysts  tried,  namely}  lead  dioxide,  manganese  dioxide, 
ferric  oxide,  magnetite,  copper  sulfate,  ferrous  sulfate,  nickel 
sulfate  and  manganous  sulfate,  none  appreciably  increased  the  con- 
version of  sodium  chlorate  to  sodium  perchlorate  or  changed  the 
oxidizing  level  of  the  absorber  solutions  from  that  obtained  without 
the  use  of  catalyst.  In  fact,  manganous  sulfate  and  magnetite  ac- 
tually gave  lower  conversions  of  chlorate  to  perchlorate. 


Bacovery  of  Perchlorate 


The  following  methods  of  recovering  perchlorate  from  solutions 
resulting  from  the  disproportionation  of  chlorate  in  strong  acid 
solution  were  considered: 

(1)  Fractional  crystallization  of  sodium  perchlorate. 

(2)  Addition  of  anhydrous  EC1  to  precipitate  sodium 
ion  as  sodium  chloride,  filtering,  and  heating 
to  drive  off  excess  EC1.  Pure  perchloric  acid 
should  remain  when  it  is  used  a6  the  strong  acid 
in  the  disproportionation  of  chlorate. 

(3)  Same  as  (2)  except  vacuum  distillation  will  be 
necessary  to  separate  perchloric  acid  from  the 
concentrated  sulfuric  acid  wh^n  sulfuric  acid  is 
used  as  the  strong  acid  in  the  disproportionation 
of  chlorate. 

(4)  Vacuum  distillation  of  parchloria  acid  from  solutions 
resulting  from  the  disproportionation  of  chlorate 

In  strong  sulfurio  acid.  Even  if  this  1b  possible, 
sodium  will  remain  behind  in  the  still  residue  as 
sodium  acid  sulfate.  ThlB  salt  may  be  removed  by 
cooling  the  still  residue,  but  some  acid  values 
would  than  be  lost. 

(5)  Precipitation  of  potassium  perchlorate  or  ammonium 
perchlorate  by  the  addition  of  potassium  sulfate  or 
ammonium  sulfate. 

Method  (l)  (Fractional  crystallization  of  sodium  perchlorate)  was 
shown  to  be  Impractical  with  sulfuric  acid-sodium  chlorate  product 
solutions,  since  solubility  studies  indicated  that  3odium  perchlorate 
was  too  soluble  at  0°C.  in  sulfuric  acid  solutions  to  be  crystallized 
out  of  solutions  of  the  low  perchlorate  concentration  resulting  from 
the  disproportionation  of  chlorate  in  concentrated  sulfuric  acid  solu- 
tion. Perchloric  acid-sodium  chlorate  product  solutions  showed  more 
promise  with  this  method.  A liter  of  disproportionation  product  was 
formed  using  71$  perchloric  acid  instead  of  sulfuric  acid.  Sodium 
perchlorate  was  precipitated  by  chilling  the  product  solution.  At 
2°C.,  the  sodium  perchlorate  crystal  crop  was  1.4  times  the  reaction 
yield  from  sodium  chlorate.  It  thus  seems  desirable  to  control  the 
crystallisation  temperature  so  as  to  remove  only  the  sodium  perchlorate 
formed  in  the  disproportionation  reaction  and  to  remove  the  excess 
sodium  ion  as  sodium  chloride  by  adding  anhydrous  KC1.  All  the 
carrier  perchloric  acid  may  then  be  recycled  after  suitable  recon- 
centration. Alternatively,  all  the  sodium  ion  may  be  precipitated 
and  product  perchloric  acid  separated.  The  perchloric  acid  would 
hfcve  to  be  distilled  should  a higher  concentration  than  the  product 
solution  (approx.  60$  HCIO4)  be  desired. 
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Method  (2)  (Addition  of  anhydrcuE  HCl)  v&t  not 
thoroughly  ctuiiod.  However,  proli.ninnry  emerimenta  indicated 
that  about  7~$  of  the  sodium  ion  remaining  in  the  filtratac  from 
the  ammonium  and  potnceium  perchlorate  precipitations  may  be 
precipitated  as  r.odiun  chloride  from  the  sulfuric  acid  solution 
by  c a turn,  tin,-  it  vith  anhydrouc  HOI. 

Mothoi(3)  vas  not  experimentally  studied. 

Method  (4)  (Vacuum  distillation  of  perchloric  acid)  has  bean 
shown  to  ho  practical.  Hy  working  with  a synthetic  reactor 
solution  of  the  following  co.upcsltion: 

TKCICVHjjO  - 90.2  grams 

h’a2S0k  - 9i»C  grans 

32S04(95*5$)-  ^35  nils. 

H2O  - 572  mis. 

Tot o.l  Volume  - 1000  rnls. 

it  war  found  that  95/"  of  the  perchlorate  could  ha  recovered  as 
perchloric  acid  hy  vacuum  distillation.  In  a typical  run 
250  mi.,  of  the  synthetic  reactor  solution  van  charged  into 
a s tender  d dial  Hint  ion  apparatus.  Jo  prevent  humping  and  the 
formation  of  solid  hydrates  of  perchloric  acid  steam  va»  slowly 
hied  into  the  hoilor  through  a capillary  tube.  At  a vacuum  of 
between  2?  and  27-1/2  inches  the  first  condensate  of  water  was 
observed  between  4 1°C.  and  45«C.  vapor  temperature.  This  water 
cut  was  removed  fror.  the  liquid  receiver  and  the  still  temperature 
slowly  raieof.  At  a pot  temperature  of  128°C.  and  a vapor 
temperature  of  ^2°C.,  perchloric  acid  started  to  distill  over  and 
was  complete  when  th.o  pot  reached  196°C.  and  a vapor  temperature 
of  116*0.  This  cut  of  36.5  gn.  was  found  to  he  4l.6$  por chloric 
acid  end  2.9^  sulfuric  acid.  The  resid\ie  of  206,5  gn.  was  found, 
to  he  95 • 1}  sulfuric  acid  (baecd  on  SO4  «*  content)  vith  2$ 
perchloric  acid. 

Method  (5)  (Precipitation  of  perchloratee)  is  the  favored 
method  for  recovery  of  potassium  perchlorate  from  product  solutions. 
More  research  effort  was  expended  on  developing  this  method 
than  on  the  other  methods. 

In  the  first  procedure  used,  about  84$  of  the  perchlorate 
present  in  the  disproportionation  reactor  solution  was  recovered 
aa  ammonium  and  potassium  perchlorate.  43$  of  the  perchlorate 
was  recovered  as  the  ammonium  salt  and  4l$  as  potassium  per- 
chlorate. Ammonium  and  potassium  chlorides  were  used  as  the 
precipitating  salts.  In  the  second  procedure  tested,  the  use  of 
sulfates  Instead  of  chlorides  of  ammonium  and  potassium  resulted 
in  elimination  of  foaming  during  the  reaction,  and  85$  of  the 
product  solution  perchlorate  was  recovered.  In  the  above  two 
procedures,  100$  excesses  of  ammonium  and  potassium  salts  were 
used.  The  presence  of  the  excess  ammonium  and  potassium  ion 
in  the  solution  after  precipitation  of  the  product  perchlorate 
would  be  undesirable  on  a commercial  scale,  since  this  depleted 
product  solution  would  be  recycled  for  its  acid  content. 
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The  following  procedure  was  developed  In  which  the  overall 
excess  of  ammonium  and  potassium  salts  was  20$,  the  amount  of 
wash  water  was  decreased  and  slurrying  was  eliminated.  By 
this  procedure,  81.2$  of  the  product  solution  perchlorate 
was  recovered  as  ammonium  (49.3 $)  and  potassium  (31*9$)  per- 
chlorates. These  perchlorates  contained  some  sulfate  which 
would  have  to  he  removed  hy  a recrystalli2ation. 

Modification  #3 

For  every  mol  of  sodium  perchlorate  in  the  product  solution, 
slowly  add  0.4  mel  ammonium  sulfate  aB  the  dry  salt  to  the 
product  solution  maintained  at  50°C.  When  all  solids  have 
been  dissolved,  cool  to  2eC.,  and  vacuum  filter  while  cold 
through  a sintered  glass  funnel.  Wash  the  precipitate  with 
ice  water,  using  l/lOOth  of  the  original  solution  volume, 
first  breaking  the  vacuum  before  adding  the  wash  water. 

Filter  quickly  and  vacuum  dry  the  precipitate  in  a desiccator 
containing  anhydrous  calcium  sulfate. 

To  the  above  combined  filtrate  heated  to  5°°C.,  slowly  add 
0.2  mol  of  potassium  sulfate  for  each  mol  of  sodium  perchlorate 
present  in  the  original  product  solution.  When  all  solids 
have  been  dissolved,  cool  to  2*C.,  and  vacuum  filter  while 
cold  through  a sintered  glass  funnel.  Wash  the  precipitate 
with  ice  water  using  l/l5°  of  the  original  solution  volume, 
first  breaking  the  vacuum  before  adding  the  wash  water. 

Filter  quickly  and  vacuum  dry  in  a desiccator  containing 
anhydrous  calcium  sulfate. 

In  the  following  procedure,  all  of  the  perchlorate  in  the  product 
solution  was  recovered  in  one  precipitation  as  the  potassium 
salt,  ami  only  10$  excess  potassium  sulfate  was  used.  By  this 
sisrplified  procedure,  88.5$  of  the  product  solution  perchlorate 
was  recovered  as  potassium  perchlorate.  This  potassium  perchlorate 
contained  some  sulfate  which  would  have  to  be  removed  by  a re- 
crystallization. 

Modification  *4 

For  every  mol  of  sodium  perchlorate  in  the  product  solution, 
slowly  add  0.55  ®ol  potassium  sulfate  as  the  dry  salt  to  the 
product  solution  maintained  at  50*0.  When  all  solids  have 
been  dissolved,  cool  to  2*C.,  and  vacuum  filter  through  a 
sintered  glass  funnel.  Slurry  the  precipitate  with  ice  water 
using  l/80th  of  the  original  solution  volume.  Filter  quickly 
and  vacuum  dry  the  precipitate  in  desiccator  containing  an- 
hydrous calcium  sulfate. 

88.2$  of  the  product  solution  perchlorate  was  recovered  as 
potassium  perchlorate  by  a Modification  recovery  method  similar 
to  Modification  ^4  above,  except  that  only  4$  excess  potassium 
sulfate  was  used,  and  the  wash  water  used  was  l/50th  of  the 
original  solution  volume  and  was  added  at  room  t emperature,  the 
mixture  then  being  cooled  to  2°c.  for  filtering.-  By  recovery 
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method  Modification  #6  which  w ns  similar  to  #5,  except  that 
the  product  precipitnto  wan  water  slurried  twice,  85.7$  of  the 
product  solution  perchlorate  was  recovered  as  potassium  per- 
chlorate. The  extra  water  slurrying  with  Modification  #6  re- 
duced the  sulfate  content  of  the  product  to  less  than  one-half 
that  obtained  with  #5* 

5 • Recovery  of  Oxidized  ChlarAh.e  Valttfi-S. 

The  volatile  off-gases  resulting  from  the  disproportionation 
of  sodium  chlorate  in  concentrated  sulfuric  acid  were  absorbed 
in  aqueous  sodium  hydroxide  (100  g./l.  or  200  g„/l.).  These 
gasos  consisted  mainly  of  chlorine  dioxide,  chlorine  and  oxygen 
with  soma  perchlorate  mist,  and  when  absorbed  in  aqueous  Bodium 
hydroxide,  were  converted  into  sodium  chloride,  Bodium  hypo- 
chlorite, sodium  chlorite,  sodium  chlorate  and  sodium  perchl orate . 
The  compositions  of  such  absorber  solutions  resulting  from  the 
acid  disproportionation  of  sodium  chlorate  are  discussed  in 
detail  under  part  2a  of  the  Laboratory  Study  section  of  this 
r m3  art , and  were  found  to  vary  somewhat  from  run  to  run  depending 
upon  reaction  conditions. 

To  convert  these  degraded  chlorine  compounds  to  sodium  chlorate, 
which  could  then  be  recycled  to  the  acid  disproportionation  colxm, 
several  methods  were  considered: 

1.  Electrolysis  in  a sodium  chloride— sodium  chlorate  type  cell 

2.  Addition  of  more  sodium  hypochlorite  and  adjustment  of  pH  to 
between  6 and  9,  to  favor  the  reaction: 

HaCl02  + Ha CIO  * SaClO^  + NaCl 

;3.  Catalytic  disproportionation  of  sodium  chlorite  to  sodium 
chlorate  and  sodium  chloride. 

A*  tho  electrolytic  method  using  axis  ting  plant  equipment  appeared 
to  be  the  moat  promising,  the  main  effort  was  directed  toward 
the  electrolytic  conversion  of  these  absorber  solutions  to  sodium 
chlorate,  while  only  preliminary  work  was  done  on  tb~  last  two 
methods. 

a.  Electrolysis  of  Absorber  Solutions  in  a Sodium  Chlorlde- 
Sa&laa  $U.orate  Typq  qau, 

Ig£iL-vtllk  Sratfre.tjifl.  Jaslaiians. 

- At  this  time  quantitative  analytical  methods  had  not  as  yet 
been  developed  to  determine)  the  amount  of  sodium  chlorite 
remaining  in  electrolyzed  sodium  chlorite  solutions.  So  it 
was  decided  to  electro.lyze  synthetic  absorber  solutions  with 
definite  NaClOg  makB-up,  and  obtain  X-ray  analysis  of  the 
solid  electrolyzed  products. 
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Four  preliminary  runs  were  made  using  graphite  and  platinum 
iridium  (10$)  anodes  and  electrolyzing  synthetic  absorber 
solutions  consisting  of  aqueous  sodium  chlorite  and  sodium 
chlorite-sodium  chloride  mixtures  Rt  2°-5°C.  in  these  ex- 
periments, no  attempt  was  made  to  control  pH  and  no  mechanical 
agitation  of  the  electrolyte  was  used.  The  calculated  current 
efficiency  varied  from  30  to  90$  but  nevertheless  sodium 
chlorate  was  formed,  and  no  large  amount  of  sodium  chlorite 
remained  as  shown  by  X-ray  analysis  (chemical  analytical 
methods,  then  used,  would  not  distinguish  between  sodium 
chlorite  and  sodium  chlorate).  These  results  are  shown  in 
Table  XVI.  In  the  electrolysis  UBing  u la tinum- iridium  anodes, 
a dark  brown  layer  formed  in  the  electri  iyte  which  at  first 
was  assumed  to  be  unstable,  explosive  higher  oxides  of 
chlorine,  but  after  continued  electrolysis  the  entire  elec- 
trolyte becnne  water  white. 

After  it  became  clear  that  these  cells  were  not  dangerous, 
it  was  decided  to  control  the  pH  of  the  electrolyte  manually 
by  the  addition  of  37-38  weight  percent  hydrochloric  acid. 

To  obtain  uniform  composition  of  the  electrolyte,  the  cell  was 
equipped  with  a mechanical  stirrer.  According  to  the  results 
shown  in  Table  XVII,  electrolysis  in  slightly  alkaline  elec- 
trolyte at  0°  to  8°C.,mva  a somewhat  lowar  current  efficiency 
(from  52  to  6j&)  than  slightly  acid  electrolyte  (from  63  to 
79$),  using  graphite  anodes.  Although  sodium  dichromate  is 
used  in  commercial  chlorate  cells,  the  addition  of  4 g./l. 
of  sodium  dichromate  to  the  sodium  chlorite-sodium  chloride 
electrolyte  apparently  did  not  increase  the  current  efficiency* 
Chemical  analytical  methods  were  developed  to  determine  sodium 
chlorite  as  such  and  none  was  detected. 

The  erosion  rate  of  a new  graphite  anode  increased  from  2 lbs. 
to  25  lbs.  of  anode  eroded  per  ton  of  chlorate  formed  after 
four  runs.  When  a magnetite  anode  was  used  undor  similar  con- 
ditions, the  erosion  rate  was  found  to  be  about  7 lbs.  of 
anode  eroded  per  ton  of  chlorate  formed. 

Three  absorber  solutions  in  which  the  caustic  content  had 
been  neutralised  by  the  absorption  of  off-gases  from  the  a eid 
disproportionation  of  one  (l)  lb.  of  sodium  chlorate  were 
combined,  fortified  with  more  sodium  chloride  and  sodium  Ai- 
chronate  added  (4  g./l.  of  • After  electrolysis 

in  a chlorate- type  cell  with  a graphite  anode,  the  resulting 
electrolyte  analysed  about  hOO  g./l.  of  sodium  chlorate  and 
about  111  g./l.  of  NaCl  with  only  a trace  of  KaClOp  found. 

The  current  efficiency  was  about  63$  with  about  93$  recovery 
of  the  solid  material  after  electrolysis.  On  electrolysis  of 
a similar  absorber  solution  from  another  disproportionation 
experiment,  the  electrolyte  analyzed  h-50  g./l.  of  sodium 
chlorate,  88  g.fl.  of  Had,  and  16.7  g./l.N»C102.  The  current 
efficiency  was  about  72$  with  about  89$  recovery  of  the  solid 
material  after  electrolysis.  Details  of  these  electrolyses  are 
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shown  in  Table  It ill . The  disproportionation  experiments 
from  which  the  above  absorber  solutions  were  obtained  are  de- 
scribed in  Tables  XIX  and  XX  and  part  6 of  the  Laboratory 
Study  section  of  this  report. 

b.  Addition  of  More  Sodium  Hypochlorite  and  Adjustment  of  pH 

Some  preliminary  work  was  done  on  the  reaction  between  sodium 
chlorite  and  sodium  hypochlorite  to  form  sodium  chlorate  and 
sodium  chloride. 

J.  7.  White,  M.C.  Taylor  and  G.P.  Vincent  (3)  found  that  t.ie 
reactions  of  a solution  containing  both  a chlorite  and  hypo- 
chlorite depend  upon  its  pH.  In  very  alkaline  solutions, 
mixtures  of  chlorite  and  hypochlorite  ions  undergo  little 
reaction  in  a period  of  hours.  At  low  alkalinity  (pH  from 
6 to  9).  where  hypochlorous  acid  is  also  present,  a chlorate 
and  chloride  sire  rapidly  formed,  sometimes  accompanied  by  a 
trace  of  chlorine  dioxide.  The  overall  reaction  is;- 

Ha0l02  + NaClC * HaClO*  + NaCl 

However,  in  all  acid  solutions,  (pH  from  2 to  6)  chlorine  or 
a hypochlorite  causes  the  chlorite  to  disappear  immediately 
upon  mixing,  chlorine  dioxide  being  formed. 

Thus  it  was  thought  that  if  the  direct  electrolysis  of  absorber 
solutions  containing  chlorite  was  unsuccessful,  a possible 
solution  to  the  problem  would  be  treatment  of  the  absorber 
solutions  containing  ohlorite  with  hypochlorite  or  chlorine 
to  form  a solution  containing  chlorate  and  chloride,  followed 
by  conventional  electrolysis  in  a chloride-chlorate  type  cell. 

In  the  series  of  preliminary  experiment**,  solutions  of  sodium 
chlorite  and  sodium  hypochlorite  (also  containing  sodium 
chloride,  since  the  solution  was  prepared  by  passing  chlorine 
ga6  into  sodium  hydroxide  solution)  were  adjusted  to  pH  values 
of  about  6,  7.  8,  10  and  12.  Then  the  solutions  were  mixed  in 
quantities  such  that  stoichiometric  amounts  of  sodium  chlorite 
and  sodium  hypochlorite  were  present.  The  resulting  solutions 
after  standing  overnight  were  evaporated  to  a white  solid  on 
a 8 loan  bath  using  vacuum. 

X-ray  analysis  of  the  five  runs  indicated  incomplete  reaction, 
since  NaCl,  KaC102  and  NaClOo  were  present  ir  the  final  product. 
Evidently  an  equilibrium  condition  existed: 

NaC102  + NaClO  NaCIO}  + NaCl 

An  excess  of  sodium  hypochlorite  might  give  more  chlorate,  con- 
suming all  of  the  chlorite. 

Since  electrolysis  of  absorber  solutions  in  a chlorate-type 
cell  has  proven  successful,  further  effort  in  this  direction 
was  abandoned. 


Chlorate  rind  Sodium  Chloride 


Richard  W.  Brown  {?.)  reported  that  aqueous  chlorine  dioxide 
hydrolyzed  into  chloric  and  hydrochloric  acids  at  96»5°C. 
when  a catalyat  wos  proeont.  These  catalyzed  aqueous  chlorine 
dioxide  solutions  became  stable  after  about  l6  hours  at  96.5°C. 
(about  40$  hydrolyzed) . The  catalyst  apparently  is  produced 
by  overheating  an  impure  grade  of  potassium  chlorate  when  pre- 
paring chlorine  dioxide  by  the  reaction  of  chlorate  and  oxalic 
acid. 


It  was  thought  that  perhaps  sodium  chlorite  could  be  cataly- 
tically  diaproprortionated  into  sodium  chlorate  and  eodium 
chloride  at  about  1C0°C.J 

3NaCl02  V 2NaC103  + NaCl 

Some  exploratory  test  tube  experiments  were  tried,  adding 
various  metallic  ions  to  a sodium  chlorite  solution  of  known 
concentration,  but  no  experimental  data  of  any  value  was  ob- 
tained. 

Further  study  in  this  direction  was  abandoned,  since  electroly- 
sis of  absorber  solutions  in  a chlorate-type  cell  has  proven 
successful. 

6.  kViSP  S^l9_l^ox&lory,.^jiftr^t l^gs,  jg i \h  Packed  golmm,  Rjaatflll . 

aai  fj-pJqci.a.l  .Sj.slig  Ecaa&fla 

a.  Lar/a  Ssftia  Laboratory  Ppepar.Ril.aaa 

Following  the  procedure  developed  for  carrying  out  the  dis- 
proportionation of  sodium  chlorate  with  Qj'i  sulfuric  acid  as 
outlined  at  the  end  of  part  2(b)  of  the  Laboratory  Study 
section  of  this  report,  two  large  laboratory  scale  runs 
(#111  and  #113)  were  uf  j In  each  of  which  the  charge  was 
one  pound  (460g.)  of  soaiun  chlorate.  Tables  XIX  and  XX 
show  the  complete  data  and  results  of  these  experiments.  The 
conversions  of  sodium  chlorate  to  perchlorate  were  respectively 
24.5$  and  29.9$(  and  the  absorbed  off-gases  contained  respec- 
tively 90.6$  and  91.6$  chlorine  dioxide,  (9***$  and  8.4$  CI2), 
showing  a high  level  of  recovery  of  oxidizing  values.  Table  XVIII 
and  part  5 of  the  Laboratory  Study  section  of  this  report  give 
the  details  of  the  successful  chlorate  cell  electrolyses  of 
these  caustic  solution  absorbed  off-gases  to r ef orm  sodium 
chlorate  which  would  be  recycled  in  a continuous  process. 


The  recovery  of  perchlorates  from  the  product  solutions  of 
these  runs  is  cove  \ in  part  4 of  the  Laboratory  Study  section 
of  this  report  under  Modifications  #3  to  #6  of  the  ammonium 
and  potassium  perchlorate  precipitation  methods.  By  the  pre- 
ferred method,  product  solution  perchlorate  was  precipitated 
with  4 to  10$  excess  potassium  sulfate  giving  an  88$  recovery 
of  potassium  perchlorate . 
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Material  balances  were  made  on  these  two  runs  to  show 
a breakdown  of  the  consumption  and  loes  of  sodium  chlorate 
in  the  process. 

The  results  are  tabulated  in  Table  XXI,  and  show  that  the 
total  consumption  and  loss  of  sodium  chlorate  was  1.7  to  2.2  Kg. 
for  each  kilogram  of  sodium  perchlorate  produced.  Of  this 
amount,  1.16  Kg.  NaClO^  was  theoretically  required.  The  smaller 
losses  in  Experiment  #113  represent  improved  operational  tech- 
niques over  Experiment  #111,  and  more  nearly  indicate  what 
might  be  expected  in  large  scale  operations. 

b.  Projected  Cyclic  Process  and  Cost  Estimate. 

Preliminary  to  the  preparation  of  the  cost  estimate,  it  was 
necessary  to  prapare  on  paper  a projected  cyclic  process  based 
on  batch  operation  data  with  the  packed  column  reactor.  Figure 
No.  3 shows  this  projected  cyclio  process  based  on  the  data  of 
experiment  #111.  A somewhat  more  efficient  process  would  have 
resulted  from  the  higher  yield  data  of  experiment  #113  which, 
however,  were  not  available  at  the  tine.  Thus,  the  process 
shown  and  the  cost  eatinato  based  upon  it  my  be  considered 
to  be  on  the  conservative  side. 

X coat  estimate  on  the  disproportionation  process  based  on  the 
results  of  experiment  #111  was  prepared.  The  estimate  vas 
made  on  the  basis  of  a plant  producing  10,000  tons  per  year 
of  potassium  perchlorate.  A total  cost  of  20. 2^/ lb.  KCIO^ 
was  found  by  the  disproportionation  process  as  compared  to 
l4.0^/lb.  KC10^  by  the  electrolytic  process  using  platinum 
anodes.  Details  are  given  in  Appendices  A and  B of  this 
report. 

At  the  conclusion  of  this  research,  a request,  was  received 
from  ONR  for  a cost  estimate  based  on  recovering  ammonium 
perchlorate  product.  The  solubility  of  ammonium  perchlorate 
is  greater  than  potassium  perchlorate,  and  so  its  recovery 
by  precipitation  from  the  disproportionation  product  solu- 
tion would  not  be  as  efficient.  Therefore,  it  was  concluded 
that  the  most  practical  and  economical  method  would  be  to 
first  remove  95$  of  the  perchlorate  from  the  disproportiona- 
tion product  solution  as  perchloric  acid,  by  vacuum  distil- 
lation, (see  Page  33).  and.  then  react  the  recovered  42$  per- 
chloric acid  <i th  anhydrous  ammonia.  The  pure  ammonium  per- 
chlorate would  then  be  completely  recovered  by  evaporating 
the  solution  tc  dryness.  Basod  on  this  recovery  method, 
the  cost  of  ammonium  perchlorate  when  produced  in  a 10,000 
ton  per  year  plant  was  found  to  be  21.5fi  per  lb.  NH4CIO4. 
Details  of  the  cost  estimate  are  given  in  Appendix  C of 
this  report.  An  outline  of  this  procedure  for  the  recovery 
of  ammonium  perchlorate  product  in  the  acid  disproportiona- 
tion process  is  shown  in  Figure  4,  and  is  based  on  the  same 
scale  of  operation  as  the  cyclic  process  shown  in  Figure  3 
with  changes  only  in  the  treatment  of  the  product  solution. 
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MATERIAL  BALANCE  ON  SODIUM  CHLORATE  IN  ACID 
DISPROPORTIONATION  PROCESS 

BASIS  - 1 Kg.  Sodium  Perchlorate  (NaClOj^) 
Produced 


EXPERIMENT  NO. 

Ill 

113 

Product  - NaCiO-,  consumed  in  forming 

NaClO^,  Kg. 

1.16 

1.16 

Process  Loos,  decomposition  of  CIO2 
and  handling,  Kg. 

1.05 

0.55 

Recovery,  CIO2  off-gaoes  and  unreacted 

NaClO'j,  Kg» 

1.36 

1.23 

Charge,  sum  of  NaClO^  in  Product,  Process 
Loss  and  Recovery,  Kg. 

1 

3.57 

2.9^ 
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FIGURE  4 


RECOVERY  OF  AMMCKIUM  PERCHLORATE  Ii:  THE  ACID 
D I SPR  CP  CRT  I OKA  HOE  PROCESS 


Katerliil  to  bo  Processed 

Product  Solution  (Produced  by  cyclic  process  shown  in  Figure  3) 

Volume  - 17.4  liters 
28  g.  KaClO-i 

999  g.  NaCld4 
17.73  Kg.  K2SC4  (100$) 

9.16  Kg.  P.20 

OMaclilflJi 

Remove  95^  of  the  perchlorate  as  perchloric  acid  by  vacuum  distillation  at 
27  inches  mercury.  React  the  recovered  perchloric  acid  with  anhydrous  am- 
monia to  form  ammonium  perchlorate. 


1.  At  a vapor  temperature  of  4o®-50°0.  (86®-112*C.  pet  temperature),  Kg. 

water  are  collected  in  the  receiver  and  cold  trap.  Cold  trap  and  receiver 
are  drained,  and  pot  temperature  raised. 

2.  At  a vapor  temperature  of  92°-ll6°C.  ( 128°-196°C . pot  temperature),  a per- 

chloric acid  cut  is  collected  in  the  receiver.  The  volume  is  19-30  ml., 
weiring  I865  g.  and  analysing  9-1.6$  KC104,  or  777  g*  HC104.  409  ml. 

water  are  collected  at  the  same  time  in  the  cold  trap. 

3.  The  residue  in  tha  distilling  pot  then  is 

Volume  - 11.0  liters 
28  g.  NaClOo 
50  g.  NaClOR 
17.35  Kg.  H2S04 
2.22  Kg.  H20 
•55  Kg.  N&2S04 

As  this  residue  is  cooled  to  room t emperature , a precipitate  of  865  g. 

KaH^  (SC4)2*H20  1b  formed.  Tills  acid  sulfate  precipitate  ia  filtered 
off  and  combined  with  a similar  filter  cake  obtained  on  the  mixing  of 
83$  sulfuric  acid  and  sodium  chlorate  solution. 

4.  The  acid  filtrate 

Volume  - 10.5  liters,  approx.  89$  H2S04 
28  g.  NaClOo 
50  g.  NaClOij. 

16.81  Kg.  H2S04 
2.13  Kg.  H20 
.29  Kg.  K»2S04 

is  combined  with  7.55  Kg.  96$  H2S0lv  (66»Be)  and  2.48  Kg.  water  to  fora 
16.5  liters  of  83$  sulfuric  acid  for  recycle  in  the  disproportionation 
process. 

5.  Ammonium  perchlorate  is  formed  by  bubbling  138*3  g.  (5$  excess) 
anhydrous  ammonia  through  the  4l,6$  perchloric  acid,  and  evaporating 
the  solution  to  dryness  to  form  909  g.  ammonium  perchlorate  product. 
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SOLUBILITY  OF  SODIUM  SULFATE  III  SULFURIC  ACID 
A5D  WATER  AT  25*C.  (l?.) 

Baals  - 1OC0  grama  of  the  solution  oontain: 


Mo  Is 

Mols 

SO-jCor  H2SO4) 

Na2S0^ 

Solid  Phase 

5.91 

0.409 

EaHSO/4. 

6.30 

0.332 

a 

6.6iv 

0.297 

BaHSOi*  + 5aH^(S0|+.)2*H20 

6.90 

0.173 

HaH3(S04)2*H2° 

7.36 

0.071 

7-74 

0.047 

a 

7.82 

0.044 

5 

8.12 

0,037 

n 

8.29 

0,042 

a 

8.40 

0.046 

N 

8.70 

0.076 

3.86 

O.I56 

■ 

8.93 

0.259 

a 

8.93 

0.269 

■ 

8.93 

0.273 

■ 

8.84 

0.527 

» (Unstable ) 

8.73 

0.681 

" (Unstable) 

8.70 

0.808 

■ (Unstable) 

8.62 

0.834 

0.844 

* (Unstable) 

8.62 

* (Unstable) 

8.61 

0.899 

■ (Unstable) 

8.87 

0.445 

BaH3(SOK)2*H20  * Xa2S04*4-l/2H2S04 
Ha2S04.4-l/2H2S04 

8.93 

0.437 

9.08 

0.394 

t 

9.36 

0.425 

« 

- 46  - 


It  1b  recognized  that  potassium  perchlorate  could  also  be 
produced  by  reacting  potassium  hydroxide  with  perchloric 
acid  which  had  bean  vacuum  distilled  from  tho  dispropor tiona^- 
tion  product  solution.  Just  aB  for  ammonium  perchlorate  above, 
this  pota  slum  perchlorate  would  be  free  of  sulfate  and  re- 
quire no  further  processing  other  than  evaporation  of  the 
solution  to  dryness.  The  cost  of  potassium  perchlorate  by 
this  recovery  method  is  estimated  to  be  no  higher  than  by 
precipitation  from  tho  product  solution. 

k necessary  requirement  for  a workable  cyclic  process  is  the 
recovery  and  recycling  of  the  sulfuric  acid  solution  remaining 
after  precipitation  of  the  produot  perchlorate  as  tho  ammonium 
or  potassium  salt,  k possible  build-up  of  the  concentration 
of  sodium  ion  brought  in  with  the  sodium  chlorate  would  have 
made  necessary  the  discarding  of  all  or  part  of  this  acid 
filtrate.  However,  due  to  the  fortuitous  minimum  solubility  of 
sodium  sulfate  in  sulfuric  acid  solutions  in  the  concentration 
range  used  in  the  disproportionation  process,  only  a minor 
amount  of  sodium  ion  remained  in  the  acid  filtrate  after  product 
recovery,  k large  amount  of  the  sodium  waB  removed  in  the 
bisulfata-acid  filter  cake  formed  in  the  initial  mixing  of  83$ 
sulfuric  acid  and  sodium  ahlorate  solution  (650g./l.).  An 
additional  amount  of  sodium  is  removed  in  the  projected  cyclic 
process  as  a bi sulfate-acid  precipitate  when  the  acid  filtrate 
from  the  perchlorate  product  is  reconcentrated  by  partial  water 
evaporation  prior  to  refortification  with  20$  oleum.  Table  XHI 
gives  the  solubility  of  sodium  sulfate  in  sulfuric  acid  and 
water  at  25*0.  The  concentration  of  sulfuric  acid  at  various 
stages  in  the  disproportionation  process  when  starting  with  83$ 
sulfuric  acid  falls  in  the  range  of  6.9  to  8.2  mols.  ^SOJ^.  par 
1000  grams  of  solution,  in  which  range  the  corresponding  solubildtj 
of  sodium  sulfate  is  0.17  to  0.04  mols  per  1000  grams  of  solUr- 
tion.  0.04  mols  I^SOi*  per  1000  greens  of  solution  is  the  point 
of  minimum  sodium  sulfate  solubility. 


'V 


c.  S&lQt.Y  EEasa&Uaaa 

Safety  precautions  must  be  a prime  consideration  in  carrying 
out  the  acid  disproportionation  process,  especially  on  a com- 
mercial scale.  Foolproof  measures  must  be  taken  to  prevent 
the  formation  of  explosive  concentrations  of  chlorine  dioxide 
in  the  vapor  state  and  high  concentrations  in  the  ac id-chlorate 
solution.  The  literature  has  no  statement  on  the  explosive 
nature  of  aqueous  chlorine  dioxide  solutions  in  the  presence 
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of  other  substances.  In  this  laboratory  (,4),  no  explosions 
were  observed  whan  aqueous  solutions  of  chlorine  dioxide 
ranging  from  2 5 to  50$  were  tested  for  stability  by  adding 
various  organic  substances,  hydrogen  peroxide,  10$  ferric 
chloride  solution  and  concentrated  hydrochloric  acid,  and  also 
by  subjecting  the  chlorine  dioxide  solutions  to  ultra-violet 
rays.  However,  chlorine  dioxide  solutions  may  still  be  po- 
tentially dangerous,  and  high  concentrations  should  be  avoided. 

The  chlorate  solution  should  be  added  in  a slew  drip  to  con- 
centrated sulfuric  or  other  acid  with  a continuous  bubbling  and 
flushing  of  air  or  other  inert  gas  through  the  solution  to 
sweep  the  chlorine  dioxide  as  fast  as  formed  out  of  the  reactor 
vessel.  In  event  of  stoppage  of  gas  flushing  for  any  reason, 
there  should  be  provision  for  automatic  opening  of  the  vessel 
to  a vent  stack  and  a copious  auxiliary  Bupply  of  flushing 
gas  through  the  reactor  solution.  The  mixing  of  chlorate  and 
acid  solutions  should  preferably  be  carried  out  in  a serleB  of 
relatively  small r aactors  rather  than  in  one  large  vessel. 

Glass  or  ceramic  lined  equipment  is  recommended  in  preference 
to  any  of  the  common  metals.  Linings  of  certain  of  the  inert 
plastic  materials  might  prove  practical. 

High  concentrations  of  chlorine  dioxide  gas  are  known  to  be 
violently  explosive.  It  is  industrial  practice  to  maintain 
the  partial  pressure  of  chlorine  dioxide  below  3°  ram*  of  mercury 
by  diluting  the  gas  as  formed  with  air.  The  industrial  handling 
of  chlorine  dioxide  at  this  dilution  has  been  reported  (5) 
quite  safe.  Therefore,  in  any  of  the-  operations  of  the  dis- 
proportionation process,  such  as  mixing,  filtering,  or  column 
percolation,  provision  must  be  made  for  adequate  dilution  of  the 
released  chlorine  dioxide  gas  with  a flushing  stream  of  air  or 
other  inert  gae. 

All  chlorin9  dioxide  containing  gae  streams  should  be  passed 
through  caustic  absorbing  solutions  of  100  to  200  grams  HaOH 
per  liter.  Warning  of  an  approaching  chlorine  dioxide  satura- 
tion of  tba  abeorber  solution  is  given  by  the  appearance lof 
successively  darker  shades  of  amber  color.  When  the  soltlHon 
has  reached  a moderate  but  not  dark  amber  color,  it  should  be 
removed  from  the  train  of  absorbers.  Acid  or  neutral  solutions 
of  chlorine  dioxide  are  unstable  and  possibly  strploeive, 
therefore,  the  pH  of  the  saturated  absorber  solution  should 
be  immediately  chocked  and  adjusted  to  pE8  or  hi^ier.  Con- 
tinuous pH  measurement  of  the  caustic  absorber  solutions 
and  their  removal  from  the  train  at  pH8  to  9 would  be  preferable 
on  an  industrial  scale. 
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B. 


Background  Information 


The  decomposition  of  chlorates  "by  strong  acids  has  beer,  known  for 
many  years,  but  rery  little  study  has  beengiven  to  the  reaction. 
Following  the  early  observations  of  Stadion,  Penny  and  Hillon  in  the 
early  1800's,  no  work  appears  to  have  been  done  until  1922  when  Lenher, 
Stone,  and  Skinner  (6)  studied  the  action  of  a number  of  acids.  The 
reaction  with  sulfuric  acid  was  reported  to  yield  perchlorate  and 
oxides  of  chlorine  (principally  the  tetroxide).  It  waB  stated  that 
this  reaction  could  be  carried  out  without  danger  by  adding  the  sulfuric 
acid  slowly  and  preventing  the  reaction  mixture  from  becoming  warm, 
fields  with  various  acids  were  given  as  follows:- 

E^SOjj,  cone.,  50  cc./£-5g.  ZCIO^,  5 hrs.  - 11$ 

HNO^  cone.,  repeated,  evap.  on  steam  bath  - 30$ 

H3PO4,  85$,  boiled  - 15$ 

OrO^  with  enough  water  to  effect  eolution  - 11$ 

Formic  acid  ) decomposed  KCIO^  but 

Trichloroaoetic  acid  ) 

Hydrofluoric  acid  ) yielded  no  perchlorate 

Hydrochloric  acid  ) 

Chloric  acid  ) 

Per  sulfuric  acid  ) 

Permanganic  acid,  20$  ) 

Arsenic  acid,  50$  ) did  not  decompose  KCIO3  at 

Acetic  acid,  glacial  or  dilute  ) 

Monochloroacetic  acid  ) the  boiling  t&inperature 

Oxalic  acid,  saturated  ) 

Tartaric  acid,  25$  ) 

Lactic  acid,  25$  ) 

Hampel,  in  U.S.  Patents  2,489,571  through  2,4-89,575  (l)»  discloses 
a cyclic  process  for  producing  perchloratas  and  chlorites  of  different 
metals  by  the  action  of  a mineral  acid  (H2SO4,  HUOo,  IL-PO4,  EGIO^, 

H2Si7g  or  HF)  on  a chlorate  in  a chloride- fhee  medium.  The  basic 
reaction  (M**metal,  R»acid  radical)  is 

2HR  + 3HCIO3  » MOIO4  + 20 10 2 ♦ 2MR  + HjjO 

In  this  reaction  the  yield  of  perchlorate,  in  the  case  of  the  sodium 
salt,  would  be  NaC104/3NaC10v  ■ 38*3$,  equivalent  to  a 33*3  weight  or 
mol  percent  conversion  of  soaium  chlorate  to  perchlorate.  However, 
the  chlorine  dioxide  can  be  absorbed  in  an  alkaline  solution  as  follows: 

20102  + 2M0H  — — * MCIO3  + MC1Q2  + H20 

Thus,  one  sole  of  chlorate  is  recovered  and  the  overall  yield  of  BOdium 
perchlorate  would  be  KaClO^/ZHaClC^  - 57.4$,  equivalent  to  a 50  weight 
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or  mol  percent  conversion  of  Bodium  chlorate  to  perchlorate.  By  a 
proper  choice  of  acid  and  by  using  the  chlorates  of  two  metals  in  the 
proper  proportions,  the  separation  of  the  perchlorate  fhnm  the  other 
salt  formed  can  he  readily  accomplished  on  the  "basis  of  difference  in 
solubility. 

ZSR  + MCiO-j  + 2M1  ClO-j  * MCIO4  + 2M»R  + 2C102  + E2O 

A similar  expedient  can  he  used  in  the  chlorine  dioxide  absorption. 

2C102  + MOH  + H'OH  * MCIO3  + M‘C102  ♦ H20 

In  this  process,  the  excess  acid  required  for  the  chlorate  decomposition 
would  have  to  be  recovered  and  reconcantrated;  and  since  33 $ of  the 
chlorate  is  not  converted  to  perchlorate,  a market  or  use  for  the 
chlorite  would  have  to  be  developed. 

In  a later  series  of  patents,  issued  to  the  Qardox  Corporation,  O.A. 
Hampel  and  V.L.  Korea  (?)  in  reacting  HaOlOp  and  EOIO^  with  H2&0j^ 
to  form  XCIO4,  0102  and  H*HS04,  separated  the  latter  solid  components 
by  filtration  ftrom  the  reaction  liquid,  then  treated  the  solid  cosponents 
with  a limited  amount  of  E^O  at  25*  to  dissolve  the  NaHSOj^.  and  recover 
the  solid  KCIO4.  The  filtrate  is  cooled  to  6®,  whereby  HaeSO^lOHgO 
is  crystallised  out.  The  mother  liquor  may  be  treated  with  Ha200-j 
or  HaOH  to  convert  the  residual  HgSOi*  to  Ha2S04  for  recycling  or 
evaporated  to  recover  HjjSO^  in  a concentrated  form. 

O.A.  Hampel  recovered  the  chlorine  values  by  reacting  chlorine  dioxide 
with  equivalent  amounts  of  KCE  and  HaOH  and  obtainedlClO-^  and  anhydrous 
HaC102  by  suitable  crystallisation  procedures  (8);  or  by'reausting 
chlorine  dioxide  with  HaOH  and  KOI  to  obtain  KClO-j,  Had  and  anhydroui 
Had02  (9);  and  by  reacting  chlorine  dioxide  with  a mixture  of  lime, 

I2S0i^  and  HaoSOj*  to  obtain  KG10*»  and  a mixture  of  95$  HaOiOjj  and 

5$  OaSO^  (10).  ^ 

A continuous  cyclic  process  in  which  a mixture  of  sulfuric  acid  and 
sodium  chlorate  waa  reacted  at  a temperature  between  55*  and  60°C. 
primarily  to  produce  chlorine  dioxide  weak  in  chlorine r ather  than 
perchlorate  was  recently  disclosed  in  the  German  Patent  Ho.  878,48 6 
issued  to  Max  Audoynaud  (ll).  Since  the  object  of  this  invention  was 
to  produce  chlorine  dioxide  by  bubbling  a finely  dispersed  air  or 
inert  gas  stream  through  the  chlorate- sulfuric  acid  solution  rather 
than  to  produce  perchlorate,  no  figures  were  given  on  perchlorate 
yield.  However,  it  was  Btated  that  for  decomposing  531*8  kg.  of  sodium 
chlorate,  953  kg.  of  N2S04  (100$  basis)  was  consumed  producing  226.7  1^* 
of  C102  (96$)  and  10.2  kg.  of  Cl2  (4$).  The  percentage  of  chlorate 
transformed  into  chlorine  dioxide  was  67*5$* 

The  oonditions  and  yields  for  this  process  oorrsspond  closely  to  those 
found  for  the  acid  disproportionation  method  for  perchlorate.  The 
H28C4  (lOO$)/HaC10-j  ratio  for  material  consumed  for  the  Gorman  process 

is  thus  53^7g  ■ 1*79  where  in  this  work  the  corresponding  ratios  found 

were  1.48  and  1*53  in.  large  scale  laboratory  experiments.  The  percentage 
of  chlorate  transformed  into  chlorine  dioxide  was  67.5$  in  the  German 
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procesej  in  this  work  the  maximum  percentage  amounted  to  62$.  (See 
part  6 of  the  Laboratory  Study  section  of  this  report.) 
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2.  Patent  Situation 


A patentability  and  infringement  study  was  completed  on  the  projected 
process  which  is  a cyclic  process  for  acid  disproportionation  of  sodium 
chlorate  producing  potassium  perchlorate  or  ammonium  perchlorate „ 

In  the  projected  process,  sodium  chlorate  and  83#  sulfuric  acid  are 
mixed  in  a blender,  sodium  acid  sulfate  being  precipitated.  The  resulting 
mixture  is  subjected  to  vacuum  filtration,  with  an  air  bleed  to  sweep  out 
chlorine  dioxide  and  chlorine,  and  a filter  cake  containing  predominantly 
sodium  acid  sulfate  and  sulfuric  acid  is  removed.  The  filtrate  is  then 
passed  through  a packed  column  reactor  in  two  passes,  utilizing  a tempera- 
ture of  about  70°C.  on  the  first  pass  and  110®C.  on  the  second  pass.  The 
product  solution  is  essentially  a solution  of  sodium  perchlorate,  to  which 
potassium  sulfate  is  added,  resulting  in  tho  precipitation  of  polasoi an 
perchlorate,  which  is  the  desired  product. 

In  an  alternative  embodiment,  the  product  solution  may  be  subjected  to 
vacuum  distillation,  resulting  in  removal  of  95#  of  the  perchlorate  an 
perchloric  acid,  which  is  then  reacted  with  anhydrous  ammonia  to  fo  *r. 
substantially  pure  ammonium  perchlorate. 

The  off-gases  from  tho  blender  are  absorbed  in  sodium  hydroxide  solution 
to  produce  a saturated  gas  scrubber  solution  containing  sodium  ’.hi or i da, 
sodium  hypochlorite,  sodium  chlorite  and  sodium  chlorate,  this  mixture 
being  subjected  to  chlorate  cell  electrolysis,  with  additional  Balt,  to 
produce  an  electrolyzed  product  containing  sodium  chlorate  and  sodium 
chloride.  The  sodium  chloride  is  removed  from  the  electrol  zod  product 
by  crystallization,  ana  the  sodium  chlorate  is  concentrated  and  recycled 
to  the  blending  step. 

No  question  of  infringement  of  any  unexpired  U.  S.  patents  appears  to  be 
involved  in  the  operation  of  this  process  or  in  any  of  the  component  parts 
thereof,  with  the  exception  of  the  patent  to  Audoynaud,  No.  2,641,528, 
assigned  on  its  face  to  Mathieson  Chemical  Corporation,  which  discloRes 
and  claims  a process  of  producing  chlorine  dioxide  which  comprises  passing 
a current  of  finely  divided  inert  gas  into  a solution  warmed  to  about 
55-60»C.  and  consisting  essentially  of  metallic  chlorate  in  a concentrated 
mineral  acid,  which  may  be  sulfuric  acid,  and  recovering  the  resulting 
chlorine  dioxide  which  has  been  released  and  removed  from  tho  solution  by 
the  action  of  the  current  of  finely  divided  inert  gas.  While  the  temperature 
in  the  blender  in  the  projected  process  is  stated  to  be  it  is  net 

believed  that  this  temperature  difference  would  avoid  infringement  of  the 
Audoynaud  patent  unless  the  patentee  took  a position  during  prosecution  of 
his  application  which  is  inconsistent  with  a broadening  of  the  temperature 
range  in  the  claims  to  include  the  range  of  35~i+0°C.  However,  the  patent 
to  Audoynaud  presents  no  bar  to  the  operation  of  the  process.  Tims,  it 
is  disclosed  in  the  patent  to  Hampel,  No.  2,h69,571»  assigned  on  its  face 
to  Cardox  Corporation,  that  an  inert  gas  is  passed  through  a reaction 
chamber  in  which  chlorate  decomposition  is  being  carried  out  in  order  to 
remove  chlorine  dioxide  from  the  reaction  zone.  The  gae  may  be,  o.g. , air 
or  nitrogen.  Hampel  alBO  discloses  that  the  temperature  should  be  kept 
below  about  70°C.,  as  above  this  temperature  chlorine  dioxide  may  begin  to 
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decompose  thermally,  and  also  discloses  that  although  the  deconpos? tion 
temperature  will  vary  with  the  concentration  of  the  chlorine  dioxide  ir.  the 
carrier  g&s,  the  lower  the  concentration,  the  higher  the  safe  temperature 
limit,  Hampel  states  further  that  the  useful  temperature  range  is  from 
0°0.  to  about  70°C.,  the  rate  being  about  four  times  as  great  at  60°C.  as  it 
is  at  25*C.  Unless  the  patentee,  Audoynaud  (a  resident  of  Prance,,  oar. 
show  an  invention  date  in  the  United  States  prior  to  February  1?,  19^6,  the 
filing  date  of  the  Hampel  patent,  it  is  believed  that  the  Hampel  patent  con- 
stitutes an  anticipation  of  the  Audoynaud  disclosure  and  oleins  and  that 
the  latter  la  therefore  invalid. 

The  most  pertinent  patent  discovered,  as  regards  the  entire  process,  is  the 
Hampel  patent  aforementioned,  which  discloses  a cyclic  process  for  producing 
perchlorates  and  chlorites  of  different  metals,  in  which  either  two  chlorates 
or  one  chlorate  and  another  salt  are  reacted  with  an  acid,  which  may  be 
sulfuric  acid,  while  an  inert  gas,  as  previously  noted,  is  passed  through 
the  reaction  chamber  in  which  the  chlorate  decomposition  is  being  carried 
out.  The  patentee  discloses  that  the  acid  may  be  all  fresh  acid  or  part 
of  it  ray  be  obtained  by  regeneration  within  the  system.  A high  acid  con- 
centration is  indicated  in  view  of  the  statement  that  the  reaction  will 
nearly  cease  if  the  concentration  is  below  60 $ and,  in  certain  of  the 
examples,  sulfuric  acid  of  85$  concentration  in  employed.  The  temper. a Vine, 
as  previously  noted,  is  kept  below  ?0*C.  due  to  the  adverse  effects  upon 
chlorine  dioxide  resulting  from  operation  above  this  temperature. 

The  patentee  also  discloses  the  separation  of  perchlorate  from  the  salt 
which  la  formed  with  the  acid  radical  and  states  that  sufficient  water  my 
be  added  to  bring  in  solution  all  of  the  more  soluble  ones  of  these  products, 
the  insoluble  product  then  being  separated  by  simple  filtration  or  centri- 
fuging. 

The  chlorine  dioxide  produced  is  reacted  with  an  alkaline  materia',  in  an 
aqueous  medium  to  form  a chlorate  and  a chlorite,  this  operation  being 
generally  performed  by  passing  the  chlorine  dioxide  gae  through  a water 
solution  of  the  alkali,  a suitable  Initial  concentration  of  alkaline  com- 
pound being  approximately  15$  by  weight.  The  patentee  further  states  that 
the  quantity  of  absorbing  medium  required  may  be  changed  by  varying  the 
temperature,  the  liquor  circulation  rate,  the  time  of  contact  between  the 
^.e  and  the  absorbing  medium,  and  the  concentration  of  the  alkaline  material 
in  the  absorbing  medium. 

As  previously  noted,  the  Hampel  patent  presents  no  question  of  infringement, 
since  each  of  the  claims  requires  the  presence  of  a third  reactant  in  addi- 
tion to  a strong  mineral  acid  and  a metal  chlorate. 

The  patent  to  Hampel  et  al.»  Ho.  2,^96,287,  assigned  on  its  face  to  C.ardox 
Corporation,  is  of  interest  in  connection  with  the  step  of  precipitating 
sodium  acid  sulfate  in  the  blender.  This  patent  relates  to  a process  for 
separating  chemical  compounds  in  which  the  components  to  be  separated  are 
sulfuric  acid,  potassium  perchlorate  and  sodium  acid  sulfate.  The  process 
involves  filtration  of  a slurry  containing  the  three  components  to  remove 
the  excess  •ulfuric  acid,  the  filter  cake  being  transferred  to  a washer 
in  which  it  is  treated  with  water  in  an  amount  sufficient  to  dissolve  all 
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of  the  sodium  acid  sulfata  contained  in  the  cake.  The  slurry  of  solid 
potassium  perchlorate  in  a solution  of  sodium  sulfate  and  potassium  per- 
chlorate in  dilute  sulfuric  acid  is  filtered,  whereby  the  solid  potassium 
perchlorate  is  separated  for  drying.  In  view  of  the  known  solubilities 
of  potaesium  perchlorate  and  sodium  perchlorate,  it  is  believed  that  no 
invention  would  be  exercised  in  maintaining  sodium  perchlorate  in  solution 
and  separpting  sodium  acid  sulfate  by  filtration,  thie  conclusion  being 
fortified  by  the  disclosure  of  the  Hampel  patent  Ho,  2,b89»571» 

The  patent  to  Given,  No.  1, 273*^77 » assigned  on  its  face  to  Atlas  Powder 
Company,  is  of  interest  in  connection  with  the  step  of  waoruum  dietillation. 
of  the  product  solution  to  produce  a perchloric  acid  which  is  then  reacted 
with  ammonia  to  form  ammonium  psrohlorate.  The  Given  patent  relates  to 
a method  of  producing  ammonium  perchlorate  in  which  a soluble  perchlorate 
ealt  is  treated  with  ammonia  gas  in  the  presence  of  carbon  dioxide.  If  one 
skilled  in  the  art  would  know,  ae  a result  of  this  disclosure,  that  a pure 
perchloric  Mid  could  he  reacted  with  ammonia  to  produce  a pure  ammonium 
perchlorate,  then  it  ie  believed  that  the  Given  disclosure  constitutes  an 
anticipation  of  any  novelty  which  may  reside  in  this  step,  although  it  is 
not  intended  that  any  inference  of  patentability  be  drawn  from  the  absence 
of  more  pertinent  patent  literature,  since  it  is  believed  that  the  reaction 
of  perchloric  acid  with  ammonia  to  produoe  ammonium  psrohlorate  is  obvicrue. 

The  patent  to  Schumacher,  Ko.  2,511»5l6,  aseignad  on  its  face  to  Western 
^Electrochemical  Company,  and  the  patent  to  Vanharen  et  al.t  No.  2,58i',3r:4, 
assigned  on  ite  face  to  Solvay  & Cie,  are  of  interest  in  connection  with 
the  electrolysis  of  the  saturated  gas  scrubber  solution,  the  former  patent 
disclosing  and  claiming  the  improvement  in  & prooess  for  making  sodium 
ohlorate  by  the  electrolysis  of  an  aqueous  solution  containing  sodium 
chloride  and  a small  amount  of  sodium  chromate,  which  consists  of  continuously 
withdrawing  electrolyte  from  an  electrolytic  cell,  continuously  passing 
into  the  electrolytic  cell  an  electrolyte  consisting  of  the  mother  liquor 
from  the  said  withdrawn  electrolyte,  after  cooling  to  remove  the  excess 
sodium  chlorate,  and  containing  not  lees  than  75  grams  par  liter  of  sodium 
chloride  together  with  not  less  than  about  400  grams  of  sodium  chlorate 
per  liter,  the  electrolyte  having  a pH  of  about  6.1,  and  eleotroylz ing 
the  circulating  electrolyte  to  produce  additional  sodium  chlorate.  The 
latter  patent  discloses  and  claims  the  process  of  preparing  an  alkali 
metal  chlorite  which  comprises  subjecting  to  electrolysis  as  a c&tholyte 
in  a diaphragmed  electrolytic  cell  an  aqueous  solution  comprising  an  alkali 
metal  hydroxide,  and  simultaneously  introducing  chlorine  dioxide,  into  direct 
contact  with  the  polarised  cathode  in  a quantity  stoichiometricslly  in  excess 
of  the  hydrogen  discharged  at  the  cathode,  while  maintaining  the  cat hoi yt a 
elightly  acid  to  nearly  neutral,  thereby  obtaining  the  chlorite. 

The  patent  to  Cunningham,  No.  2,169,066,  assigned  on  its  face  to  The 
Mathieson  Alkali  Works,  Inc.,  is  of  interest  in  connection  with  the 
absorption  cf  off-gases  from  the  blender  in  sodium  hydroxide  solution,  the 
patent  disclosing  that  chlorine  dioxide  is  absorbed  in  an  aqueous  solution 
containing  sodium  hydroxide  in  suitable  amount  until  the  solution  is  sub- 
stantially neutral,  this  step  being  incidental  to  the  preparation  and 
separate  recovery  of  sodium  chlorate  and  sodium  chlorite. 
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The  following  patents  a re  of  general  interest? 


Patent 

Hymber 

Date 

2,280,938 

4/20/A2 

Ceorge  P.  Vincent 

2,^89,572 

11/29/49 

Clifford  A. 

Hampel 

2,489,573 

11/29/49 

Clifford  A. 

Hampel 

2,489,574 

11/29/49 

Clifford  A. 

Hampel 

2,489,575 

11/29/49 

Clifford  A. 

Hampel 

Afi.si.gnQ.9 

The  Kathieson  Alkali  Works, Inc. 
Car 4 ox  Corporation 
Card  ox  Corporation 
Cardox  Corporation 
Cardox  Corporation 


Prom  the  foregoing,  it  is  apparent  that  there  is  little  novelty  in  the 
projected  process.  It  may,  however,  be  possible  to  obtain  limited  patent 
coverage  of  the  process  as  a whole  by  including  specific  limitations  in 
the  claims,  which  might  influence  the  Patent  Office  to  allow  them.  It 
is  also  obvious,  however,  that  no  broad  patent  coverage  can  bo  obtained 
in  this  case. 
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apptodpc 

A.  Poet  Estimate  on  PotaisBium  Perchlorate  'by  33a.  Electrolytic  Method 


Estimated  Manufacturing  Coit  of  10. OOP  ffi I Potassium  Perchlorate 
Direct  Goat 


Including  raw  mater iale,  labor , maintenance,  utilities 

and  processing  cost  for  sodium  perchlorate 13»7( i/lh. 


Indlraat  Post 

Including  plant  overhead  ( coper intendent , shift  supervisors, 
chemists,  office  workers,  plant  guards,  etc.)  .....  0.3^/lb. 

Total  Cost 

Hot  including  administrative  overhead  and  fee  of  the  operator, 
or  depreciation,  tazee  and  insurance l4.0(4/lb. 


<r> 


v 
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?TvattlB 

Sodium  chlorate  liquor  it  fed  hatchwiee  to  electrolytic 
cells  employing  copper  anodes  plated  with  platinum.  The 
product  of  electrolysis,  sodium  perchlorate,  is  converted 
to  the  potassium  salt  by  the  addition  of  a hot,  concentrated 
solution  of  potassium  chloride.  The  product  is  then  cooled, 
crystallised,  filtered,  and  dried. 

lareBtamt  ,C<aat 


Sodium  Perchlorate  Plant  $2,570,000 

Potassium  Perchlorate  Plant  , 2.120.000 


Total  ....  $4,690,000 


Productive  tenacity 

The  potassium  perchlorate  plant  is  based  on  a production 
of  10,000  TPT.  The  sodium  perchlorate  capacity  is  keyed 
to  the  production  of  potassium  perchlorate. 

fjotettLe  AgcuEftfiZ  of  JSaUaati 

This  estimate  is  believed  to  have  an  accuracy  of  + 20^. 
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B. 


gyJJLflalg  aa  p.3.ta3-6lum  Pprchl orate  by  The  Acid.  Disproportionation 

Pro COBB 


Including  taw  material,  labor,  maintenance,  utilities 

and  processing  cost  for  sodium  chlorate  Z^.O^/lh. 

LdJLrosV,  flat! 

Including  plant  overhead  (superintendent,  shift  supervisors, 
chemists,  office  workers,  plant  guards,  etc.)  1.2^/lb. 

By-Prgiuct 

Sodium  bisulfate  and  sulfuric  acid  by-products  are  credited 
for  the  equivalent  sulfuric  acid  at  $19  per  ton  of  sulfuric 
acid 5.0/5/lb. 

lalaL  -go&Jl 

Not  including  administrative  overhead  and  fee  of  the  operator, 
or  depreciation,  taxes,  and  insurance  20.2f£/lb. 


Px.age&B 

Sodium  chlorate  produced  by  the  electrolysis  of  sodium  chloride 
(NaCl)  and  recycle  sodium  hypochlorite  (NaCIO)  and  sodium  chlorite 
(NaClOp)  is  mixed  with  sulfuric  acid  for  six  hours  at  4o°C. 
with  tne  continued  injection  of  50°C.  moist  air.  The  formed  sodium 
bisulfate-sulfuric  acid  is  removed  by  filtration.  The  filtrate  is 
heated  in  a packed  column  to  70°C.  The  effluent  chlorine  dioxide 
gas  stream  from  the  blenders,  filters  and  strippers  is  reacted  with 
dilute  caustic  soda  and  recycled  to  the  sodium  chlorate  cells  after 
partial  evaporation. 

The  liquor  from  the  stripper  is  reacted  with  potassium  sulfate  at 
50*C.  The  products  of  reaction  are  cooled  to  2°C.  and  filtered. 

The  filtrate  iB  partially  evaporated,  mixed  with  oleum  to  obtain 
83$  sulfuric  acid  and  returned  to  the  blenders.  The  formed  potassium 
perchlorate  is  then  vacuum  dried  and  prepared  for  sale. 

Investment  Cost 


Sodium  Chlorate  Plant  $5,300,000 

Sulfuric  Acid  Plant  . . . 1,100,000 

Potassium  Perchlorate  Plant  . . ^.4^1,000 


Total  . . . $11,853,000 
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The  acid  disproportionation  method  produces  a mixed  filter 
cake  of  about  3*5  pounds  of  sodium  bisulfate  and  3*8  pounds 
of  sulfuric  acid  per  pound  of  product.  This  by-product  is 
credited  for  the  sulfuric  acid  content  at  $19.00/ ton. 

Product  Ira  Capacity 

The  potassium  perchlorate  plant  is  based  on  a production  of 
10,000  TPY.  The  sodium  chlorate,  sodium  perchlorate  and 
sulfuric  acid  capacities  are  keyed  to  the  production  of 
potassium  perchlorate. 

Afifflgftgr.  gl  .S&Uflfttja. 

This  estimate  is  believed  to  have  an  accuracy  of  + 20$. 
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c. 


Coet  Biliaaifl  on  Ammonium  Perchlorate  by  the  Acid  Planr  onortlonatloi.  Pr  >& 


SUMMABY  SHEET 

Estimated  Manufacturing  Coat  of  10. OOP  TY?  Ammonium  Perchlorate 

Plrtct  S<?at 

Including  raw  material,  labor,  maintenance,  utilities  and 
processing  cost  for  sodium  chlorate  25.8(5/lb. 

IMleaal  Cost 

Including  plant  overhead  ( super intendant,  shift  supervisors, 
chemists,  office  workers,  plant  guards,  etc.)  1.3^/lh. 

£y-fr«?4uct 

Sodium  bisulfate  and  sulfuric  acid  by-producta  are  credited 
for  the  equivalent  sulfuric  acid  at  $19  per  ton  of  sulfuric 
acid  ,>.6(f/lb. 


Total  Cost 


Not  including  administrative  overhead  and  fee  of  the  operator , 
or  depreciation,  taxes  and  insurance  21 . 5)6/ lb . 


frgeena 


Sodium  chlorate  produced  by  the  electrolysis  of  sodium  chloride 
(NaCl)  and  recycle  sodium  hypochlorite  (SaOlO)  and  sodium  chlorite 
(HaC102  is  mixed  with  83$  sulfuric  acid  for  six  hours  at  40*C.  with 
the  continued  injection  of  50®C.  moist  air.  The  formed  sodium  bi- 
sulfate- sulfuric  acid  is  removed  by  filtration.  The  filtrate  is 
heated  in  a packed  column  to  ?0*C.  The  effluent  chlorine  dioxide 
ga*  stream  from  the  blenders,  filters  and  strippers  is  reacted  vita 
dilute  caustic  soda  and  recycled  to  the  sodium  chlorate  cells  after- 
part  ial  evaporation. 


The  liquor  from  the  packed  column  or  stripper  is  vacuum  distilled 
at  27  inches  of  mercury  to  remove  95  percent  of  the  perchlorate  con- 
tent as  4256  perchloric  acid.  The  sulfuric  acid  residue  is  combined 
with  96$  sulfuric  acid  and  water  to  form  83$  sulfuric  acid  returned 
to  the  blenders.  Ammonium  perchlorate  product  la  formed  by  bubbling 
anhydrous  ammonia  through  the  42$  perchlorio  acid,  and  evaporating 
the  solution  to  dryness. 


Igmtaoat  fiaai 

Sodium  Chlorate  Plant 
Sulfuric  Acid  Plant 
hmmonium  Perchlorate  Plant 


$5,600,000 

1,200,000 

JiMM 
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The  acid  disproportionation  mat hod  produces  a mixed  filter  cake 
of  about  3.9  pounds  of  sodium  bieulfate  and  4.3  pound*  of  sulfurio 
acid  per  pound  of  ammonium  perchlorate  product.  Thie  by-product 
is  credited  for  the  sulfuric  acid  content  at  $19*00/ton. 

ProftmtlTfl  Capacity 

The  ammonium  perchlorate  plant  is  based  on  a production  of  10,000  TPY. 
The  sodium  chlorate,  sodium  perchlorate  and  sulfuric  acid  capacities 
are  keyed  to  the  production  of  ammonium  perchlorate. 


This  estimte  is  believed  to  have  an  accuracy  of  + 20 %. 
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D.  kn>L\v±ic.*i  Procedure  for  Mixtures  ContAlnlng_Pjrchlorat9*.  .ShlQratfl., 

Chlorite.  azcficliiaciifl  aafl  Chlorite 

This  complete  analytical  procedure  replaces  a previously  used  procedure 
which  covered  methods  for  perchlorate,  chlorate  and  chloride  only, 
and  was  given  in  Section  F of  Part  II  of  the  final  report  on  Project 
SR  352-263/2-19-51,  which  issued  August  31,  1951.  Ik*  present  procedure 
is  based  partly  on  the  work  of  Haller  and  Listek  (13)  on  determination 
of  chlorine  dioxide  and  other  active  chlorine  compounds  in  municipal  water 
supplies.  Their  methods  on  partB  per  million  determinations  were  adapted 
to  higher  concentrations.  The  method  for  Bodium  hypochlorite  is  the 
standard  method  used  for  analysis  of  an  important  industrial  product, 
calcium  hypochlorite.  Development,  tasting  and  integration  of  the  various 
individual  methods  into  a complete  procedure  was  done  "by  the  Analytical 
Section  of  the  R.  A D.  Division  of  Pennsalt.  Table  XXIII  gives  data  on 
the  testing  of  this  analytical  procedure  for  the  range  of  interest  in 
this  study,  and  shows  analytical r esults  duplicating  actual  sample  com- 
position to  within  1.556  or  better. 

Analytical  Procedure 

0.0  8amnle  Preparation 

0.1  Solids 

0.1?  Weight  accurately  approximately  6 grams  of  sample, 
dissolve  in  water  and  dilute  to  500  ml.  in  a volu- 
metric flask. 

0.2  Liquids 

0.21  Taka  a known  volume  of  solution  which  contains  approxi- 
mately 6 ^rams  of  solid  and  dilute  with  water  to  500  ml. 
in  a volumetric  flask. 
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1.0  Determination  of  Hypochlorite  Content 


1.1  Apparatus 

1.11  250  ml.  beaker 

1.12  50  ml.  buret 

1.13  10  ml.  calibrated  pipet 

1.2  Reagent* 

1.21  Standard  0.1  H Sodium  artenlte  eolution 

1.22  Starch  - Iodide  teat  paper 

1.23  Buffer  solution  100  gms.  of  HaHgPO^.^O  plus 

150  gas.  of  Ka-jHPO^  par  uter 

1.3  Procedure 

1.31  Pipet  10  ad.  of  the  sample  Into  50  ml.  of  water 
in  a 250  ml.  beaker. 

1.32  Add.  5 ml.  of  the  buffer  solution.  Shook  with 

pH  paper  to  make  sure  pH  1*  between  6 and  7*  If 
not,  add  more  buffer. 

1.33  Add  standard  0.1  N sodium  arsenite  from  the  buret  to  the 
solution  in  the  beaker  with  stirring,  until  & drop  of 
the  solution  on  the  stirring  rod  doeB  not  yield  a 

blue  color  on  the  starch  iodide  paper.  I>o  not  overrun 
the  endpoint.  Record  the  volume  of  sodium  arsenite 
used,  V. 

1.4  Calculations 

(V)  (Hormality  of  sodium  arsenite)  (0.03723)  » gas.  of  HaOQl 
in  aliquot  taken. 

2.0  PfltgrmiaaUaa  stl  fihlarlte  fiaoJaat 
2.1  Apparatus 

2.11  250  ml.  beaker 

2.12  50  ml.  buret 

2.13  10  ml.  calibrated  pipet 
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2.2  Beagents 


2.21  Standard  0.1  IT  sodium  arsenite  solution 

2.22  Solid  potass iun  iodido 

2.23  Buffs?  solution  - 100  gas.  of  BaHjjPO^HgO  plus  150  gms. 
of  a^jHPO^  par  litar 

2.24  Approximately  0.5  H sulfuric  acid 

2.25  Starch  Indicator  solution,  0.5$ 

2.3  Procedure 

2.31  Add  10  gas.  of  potassium  iodide  to  $0  ml.  of  water 
in  a 250  ml.  beaker. 

2.32  Pipat  10  ml.  of  the  sample  into  the  beaker 

2.33  Add  approximately  0.5  N sulfuric  acid  until  pH  is 
between  1 and  2 using  pH  papsr.  Mix  and  let  stand  one 
minute. 

2.34  Add  10  ml.  of  buffer  solution.  Check  with  pH  paper 
to  make  sure  pH  is  between  6 and  7*  If  cot,  add  more 
buffer. 

2.35  Titrate  with  0.1  N sodium  arsenite  solution  to  disap- 
pearance of  iodine  color,  using  starch  indicator,  if 
necessary.  Heoord  the  volume  of  sodium  arsenite  used,  V. 

2.4  Calculations 

(V-V)  (Normality  of  sodium  arsenite)  (0.0226l)  ■ gas.  of 
NaC102  in  aliquot  taken. 

3*o  SaJtfliaiBttUaa  si  Chlgrats  flaatoat 

3.1  Apparatus 

3*11  250  ml.  iodine  flask 

3*12  5°  ®1*  buret 

3.13  10  ml.  calibrated  pipet 

3.2  Beagents 

3*21  Solid  sodium  bromide 

3*22  10$  potassium  iodide  solution 

3.23  Concentrated  hydrochloric  acid 

3.24  Standard  0,1  K sodium  thiosulfate 
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3*25  Starch  indicator  solution,  0.5  poroent 

3.3  Procedure 

3*31  Pipot  10  *1.  of  tho  sample  into  tbs  250  ml.  iodina  flask 
3,32  Add  2 gas.  of  solid  sodiua  1 roaids 

3*33  Add  20  ml.  of  conoantr&tod  hydrochloric  acid  and  stopper 
flask  immediately.  Shako  and  1st  stand  5 minutes, 

3.3**  Add  20  ml.  of  tha  10£  potassius  iodida  solution  to  ths 
flask  without  allowing  any  gas  to  asoapo.  Shaka  wall. 

3*35  Titrate  with  0.1  N sodium  thiosulfate  to  disappearance  of 
iodina  color,  using  starch  if  necessary.  Record  volume 
of  sodium  thiosulfate  used,  Z. 

3.4  Calculations 

(X)  (Normality  of  sodium  thiosulfate)  * X 

(W)  (Normality  of  sodium  arsenite)  m T 

(X-T)  (o.017?4)  » gms.  of  NaClO^  in  aliquot  taken 

4.o  BtfmiafttUB  al  Qhlorlli  flaUint 

4.1  Apparatus 

4.11  500  al.  iodine  flask 

4.12  50  al.  buret 

4.13  25  al.  a al  lbrated  pipet 

4.2  Reagents 

4.21  ferrous  sulfate,  hydrated,  solid  (PsSOj^'THgO) 

4.22  Sulfuric  acid  (l»l) 

4.23  Standard  0,1  N silver  nitrate  solution 

4.24  Standard  0.1  N potassium  thiocyanate  solution 

4.25  Nitrobenzene , purified 

4.3  Procedure 

4.31  Add  5 nl*  of  sulfuric  acid  (ill)  to  150  ml.  of  water  in 
the  500  al.  iodine  flask 

4.32  Add  10  gms.  of  ferrous  sulfate 

4*33  Pipet  25  al.  of  sample  into  flask.  Xf  a precipitate  forms 
add  more  sulfuric  acid  unt<\  it  dissolves 

4.34  Place  flaek  on  steam  bath  for  one  hour 
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4.35  Cool,  add  standard  silver  nitrate  from  a 'buret  until 
in  exoess.  Record  volume  of  silver  nitrate, A. 

4.36  Add  2 ml.  of  nitrobenzene  and  shake  vigorously  for 
1 minute. 

4.37  Titrate  the  excess  silver  nitrate  with  standard  potas- 
sium thiocyanate  to  first  permanent  reddish  brown 
color.  Record  volume  of  thiocyanate,  B. 

4.4  Calculations 

(l)  (Normality  of  silver  nitrate)  ■ 0 
(b)  (Normality  of  potassium  thiocyanate)  ■ H 
(ft*. H)  (O.03546)  « gms.  of  chlorine  from  chloride,  hypochlorite, 
chlorate  and  chlorite  in  aliquot  taken  = K 
(gas.  of  NaClO  in  aliquot)  (0.4763)  * gm.  chlorine  d\  » to  NaCIO  « L 
(gas.  of  NaClC2  ■ ■ ) (0.3920)  - " ■ " " NaClOg-  M 

(gms.  of  NaClO^  « » ) (0.3331)  « " " " " NaClO^  N 

(K)  - (L+W+*N)  gm.  of  chlorine  from  chloride  only  ■ P 
(P)  (1.6463)  a 0n.  of  NaCl  in  aliquot  taken 

5*o  PjrtgrntaftUm,  a I Zszshlni^SL  Jlgfliaai 
5*1  Apparatus 

5.11  500  ml.  iodine  flask 

5.12  50  ml.  buret 

5.13  25  ml.  calibrated  pipet 

5.2  Reagents 

5.21  Ferrous  sulfate,  hydratod,  solid  (PeSO^THgO) 

5.22  Sulfuric  acid  (ill) 

5.23  Titanous  sulfate,  20^  solution 

5.24  Nitrio  acid  (isl) 

5.25  Standard  0.1  N silver  nitrate  solution 

5.26  Standard  0.1  N potassium  thiocyanate  solution 

5.3  Procedure 

5.31  Add  2 ml.  of  sulfuric  acid  (lsl),  to  20  ml.  of  water  in 
the  500  ml.  iodine  flask. 

5.32  Add  2 gm.  of  ferrous  sulfate 

5.33  Pipet  25  ml.  of  sample  into  flask.  If  a precipitate 
forms,  add  more  sulfuric  acid  until  it  dissolves. 
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5.34  Heat  on  1 team  "bath  15  minutes. 

505  Add  20  ml.  of  sulfuric  acid  (ltl). 

5.36  Pipet  20  ml.  of  titanoua  sulfate  solution  into  flask. 

507  Place  on  hot  plate  for  one  hour.  Keep  solution  at 
boiling,  but  do  not  boil. 

5*38  Cool  to  just  above  room  temperature  and  add  5 ml.  of  nitric 
acid  (ltl). 

5.39  Place  on  hot  plate  5 minutes  (solution  should  now  be 

yellow  colored,  if  still  purple,  add  more  nitric  acid). 
Shake  flask  occasionally  to  remove  oxides  of  nitrogen. 

5*3*10  Cool,  add  standard  silver  nitrate  from  buret  until 
in  excess.  Record  volume  of  silver  nitrate,  C. 

5.3*11  Add  2 ml.  of  nitrobensene  and  shake  vigorously  for 
one  minute. 

5.3.12  Titrate  the  excess  silver  nitrate  with  standard  potassium 
thiocyanate  to  first  permanent  reddish  solution.  Record 
volume  of  thiocyanade  added,  0. 

5.3*13  Hun  blank  on  all  reagents,  without  sample.  Subtract 
blank  from  sample  determination. 

5.4  Calculations 

(C)  (Normality  of  silver  nitrate)  » R. 

(D)  (Normality  of  potassium  thiocyanate)  * S. 

{JUS)  (0.03546)  « ©ns.  of  chlorine  from  chloride,  hypochlorite, 
chlorite,  chlorate  and  perchlorate  in  aliquot  taken  ® T. 

(T-K)  » gms.  of  chlorine  due  to  perchlorate  only  **  Z, 

(Z)  (3*^531)  “ 0°s*  of  NaClO^  in  aliquot  taken. 


f 
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Sample  Composition  - g./l.  | Analytical  Results  - 5*/l* 

BaCI 

BaC102 

BaClO^ 

BaClOh* 

HgO 

Bad 

BaCIO 

Ba0102 

BaClO-j 

BaClOk,* 

h20 

1 

11.8 

Bose 

11.7 

2 

12.0 

Bone 

Bone 

11.9 

3 

10,46 

Bene 

Bono 

10.43 

4 

..  ..  _ 

8.0 

6.1 

Bose 

(8.1 

(7.9 

f6.0 
< 6.0 
\6.0 

5 

3.7 

6.3 

4.1 

J3.7 
' 3*7 
V 

Bone 

Bone 

(e.  3 
\6.3 

(4.0 

r*1 

\4.1 

BOTBt  A.  known  sample  of  HaCIO  could  not  he  prepared.  In  practice, 
analyst®  depend  on  cheok  results  with  a giyan  sample* 
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